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SYMPOSIUM ON SURGICAL TECHNIC^'' 


FOREWORD 

In this symposium a group of surgeons, active in several fields, have 
discussed their methods in a variety of operations. Surgical procedure 
is an attribute as individual as is orthography— “no nvo surgeons oper- 
ate alike." The technic of one surgeon, however, is always of interest 
to his confreres for, consciously or nor, comparisons are drawn and 
there is stimulation of thought. Operative surgery is not a static field- 
witness the newer procedures devised in recent years for situations 
previously regarded as beyond surgical attack. 

Alexander Brunschwig, Al.D. 
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THE EARLY MANAGEMENT OF FACIAL INJURIES 
WAY^E B Slaughter, M D D D S * avo Wa\ne Wong, iM D t 


The adequate management of facial injuries is of tantamount im 
portance to the patient from a cosmetic, functional and psychological 
point of \ lew The armamentanum of the present day surgeon is such 
that immediate and proper management of such injuries can greatl> 
reduce undesirable results The fact that facial injuries arc often asso 
ciated with other bodily trauma that nia> threaten life itself is often 
used as an excuse for not treating facial injuries adcqintelj However 
one with a premonitorj clinical judgment can determine to what 
degree such surgery can be earned out The following descnption is 
concerned chieflj uith the methods used m the treatment of facial 
injuries as used m our clinic 

A simple classification of facial injuries for the purpose of this 
paper is as follows 

A Soft Tissue Inmnes D Simple Facial Bone Fractures 

1 Abrasions tattoo marks I Frontal 

2 Lacerauons 2 Nasal compleT 

a Scalp and forehead i Malar 

b £>elid 4 Maxilla 

c Nose S Mandible 

d Lips 6 Ah eolar ridge 

e Ear 
f Tongue 

C Compound Facial Done Fractures 

1 Frontal 

2 Nasal complex 

3 Malar 

4 Maxilla 

5 Alandible 

PHYSICAL EXAMINATION 

The ph)sical examination of a patient with facial injury consists 
first, of an accurate clinical evaluation of the total injury sustained 
As these patients often ha\c associated injuries it is imperatne to 
determine the se%cnt> of the injuries m order that those xxhicb 
threaten life itself maj be cared for immcdiatel) Sound clinical judg- 
• Assistant Professor of Surgcr> in Charge of Plastic Surgery Lo> ola Uni 
\ersit> School of Med cine Chicago Associate Professor of Surgery Chairman 
of Department of Plastic Surgery Uniacrsity of Wisconsin Medical School 
Madison W isconsm Professor of Siirgcr> and Oiairman of Department Col 
lege of Dcmistr>, Io>ola Lnncmt} Chicago Hi>'sician Mcrc> Cook County 
and Michael Reese Hospitals Chicago Wisconsin Orthopedic Hospital Madi 
son W isconsin 

t Assistant to Dr Slaughter 
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THF EARL\ MANAOPMENT OF FACIU INJURlFS 3 

mcnt IS just as neccssar> here os in aii> other surgical eniergenc), 
because much depends on the speed of making a diagnosis so that the 
necessar) treatment mas he quiclvU instituted Conditions the control 
of which mas be considered more urgent than the immediate treat 
ment of anj facial injuries arc hidden hcmorrhiec, pam and sliock 
I he judicious use of plasma or whole blood is common m adequate 
sliock theraps The immobih/ation of injured parts also takes prcccd 
ence No set rules can be laid dossn for the tsro because such knossl 
edge comes onlj ss ith cspcriencc 

After the general condition of the patient is under control, a sss 
tematic examination of the face to determine the extent of the facial 
injury is m order The soft tissue injuries ma> be quite csidcnt, but 
the bony defects ma) be dcccptiscis camouflaged by soft tissue ssscll 
ing In such cases, gentle bimanual palpation is carried out in such a 
manner that one side is simultaneousK compared with the other 
In order to palpate the bon> structures of the face in the best pos 
sible manner, one should face the patient The frontal area js first c\ 
amined Then the fingers are brought to bear oxer the supraorbital 
nms and moxed laterally, excntually palpating the entire orbital rim 
and always comparing one side with the other The supraorbital notch 
must not be confused with a fracture A displacement of the zygoma 
will result m a loss of the height of the check bone Next the ey clids 
arc separated and the eyeballs are inspected If for any reason the 
patient is not able to see or the eyeball docs not appear normal the 
aid of an ophthalmologist should be sought immediately 
The nasal bones arc now palpated to determine any loss of sym 
metry or to elicit motion or crepitus Any or all of the bones that go 
to make up the support of the external nose can be mxoixed m a frac 
ture This includes the nasal processes of the maxillae and the frontal 
bones and the nasal lacrimal and ethmoid bones Fractures of the 
nose frequently indicate more extensive associated fractures It is 
theicfoie, accessary to examine tVie maxiWa adequately for possible 
fractures in every case of nasal fracture An intranasal examination to 
determine the state of the bony and cartilaginous septum and the 
lateral nasal wall is imperative 

The maxillary bone, because of its comparative size, can sustain a 
great variety of fractures There is a characteristic distortion of the 
middle third of the face evidenced by a widening or lengthening, or 
both By retracting the bps and examining the alveolar process and 
the regions above, additional information may be obtained Any dis 
placement or impaction vviU cause the patient to have a malocclusion 
of the teeth with open bite appearance and an inability to close his 
mouth properly A severe displacement may result in a loss of support 
of the orbital contents, and a disturbing hy perphora may develop 

Fractures of the mandible can often be determined by having the 
patient attempt to open and close his mouth If he can do this with 
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ease, the possibility of a dislocation or a severe fracture associated 
with tnsmus is ruled out Palpation of the mandible is started at the 
region of the temporomandibular joint, down the posterior border of 
the ramus and hence to the body of the mandible Discovery of pain, 
crepitus or malposition may point to a fracture The careful inspection 
of the teeth in occlusion \\ ill often pomt to the site of fracture X-ray 
examination may be necessary to actually localize the fracture, and it 
is an indispensable aid in confirming a diagnosis 
From a diagnostic and medicolegal aspect it is a wise procedure to 
obtain X rays of the skull in any set ere head injurj The possibilities 
of an) retained radiopaque foreign bodies :na\ thus be quicklv deter 
mined 

TREATMENT OF FACIAL INJURIES 

The treatment of facial injuries may be conveniently classified into 
immediate, delayed and late treatment Immediate treatment is that 
which IS instituted within the first few hours after injury and includes 
the management of shock the control of hemorrhage, the relief of pam 
and the splinting of injured parts iMuch of the treatment given during 
this period to a large extent determines the ultimate cosmetic and 
functional results the patient is to obtain Strictly speaking, it is dur 
ing this period that the maximum service will be rendered to a patient 
It 1$ therefore mandatory that what is done for him should be the best 
possible treatment under the given circumstance 
In general it may be said that m a wound obtained under relatively 
clean conditions primary suture if done within a period of six hours 
' VI injury, should result m an uneventful healing This period of six 
^ours IS entirely arbitrary and depends upon the nature of the injury 
the wound was obtained m surroundings where everything was rela 
tively clean closure may be done as late as eight hours after the 
injury On the other hand, if it was a duty wound this time must be 
reduced to four hours After this period of four to eight hours or 
ganisms already hav e invaded the tissues and the chances of infections 
are greatly enhanced The advent of sulfonamides however, has greatlv 
changed this picture In a borderline case, the local use of a sulfo 
namide will readily subdue the bacteria flora in the stage before the 
inoculum of bacteria has gained a foothold and also when there is no 
protein digestion to hinder the action of sulfonamides The sulfonam 
ide must be in such a form as to be sterile as w ell as nonirntating to 
the tissues The amount actually instilled m the wound should be the 
bare minimum If there is any doubt about the degree of contamina 
tion oral administration should be started 
The use of penicillin in the presence of organisms susceptible to it 
has practically removed the obstacle of infection in wound healing 
Soft tissue wounds of several days’ duration even though infected or 
actually purulent, may be closed pnmanly if adequate amounts of 
penicillin are given locally xnd sy^cmicallv Thus it is seen that tiie 
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use of sulfonamides in fresh wounds may be indicated, but when the 
growth of bacteria has started and protein destruction has set in, the 
action of sulfonamides is greatly diminished and penicillin should be 
used Penicillin thus has a role as the pnmar> drug and as a supple- 
ment to the sulfonamides 

In the region of the face there are sctcral additional factors that 
make wound healing slightly different from elsewhere in the bodj. 
These include an abundant blood supply, which is definitely a posi- 
tne factor m wound healing, and the local tissue immunity to the 
organisms that the patient liarbors m his mouth, nose and e> ehds 
The cleansing of the facia! wounds, like wounds elsewhere, should 
consist of gentle cleaning with a mild soap and irrigating with sterile 
saline or water An arbitrary period of fi\c to eight minutes for scrub- 
bing the wound will be sufficient to remo\c any loose or rccentlv 
implanted debris from the wound and the surrounding skm Gentle 
ness must be stressed m this procedure The use of the popular anti- 
septics is permissible on the skm surfaces, but thc> should not be in- 
stilled into the wound, as these substances act as protoplasmic poisons 
and can kill living tissue |usc as well as the organisms that contami- 
nate the wound If facilities arc not immcdiatel) available for the 
proper cleansing of the wound, a sterile or clean dressing should be 
used to co\er it until such are available Injudicious pouring of anti- 
septics into the wound should be condemned 

TREATMENT OF SPECIFIC FACIAL INJURIES 
Abrasions —The most common facial soft tissue injury is the simple 
abrasion In its minimal aspects no treatment is required other than 
cleanliness However, when dirt and debris arc ground into the tissue, 
it IS important to remove these particles so that unsightl) tattoo marks 
may be prevented If ordinary sedation is not sufficient for the pur- 
pose, a general anesthetic may be necessar)’’ for the removal of the 
embedded particles An oil solvent is often helpful m dissolving out 
oily debris It may be necessary to use a brush over the area with 
sufficient sterile water to irrigate the region Oftentimes it may be 
more expedient to use a pointed instrument such as a No 11 Bard 
Parker blade or the pome of an aspirating needle to remove these par- 
ticles individually. When the abrasion is sufficiently cleansed, a fine 
mesh, mildly antiseptic petrolatum gauze pressure dressing is applied 
in such a manner as to act as a splint, even though this may require 
the immobilization of the facial muscles 
Lacerations —Lacerations about the face are peculiarly different from 
those elsewhere on the body because the patient desires a cosmetic as 
well as a functional result This fact is further compbeated by several 
specialized structures that must be especiallv cared for These struc 
tures are the scalp, ej ehds, nose, lips and ears 

Scalp hceratiovs need no particular precaution m their care other 
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than a thorough cleansing with soap and water It is usually not nec 
essaiy to shave the hair about the laceration before suturing, but bj 
merely parting the haur m line with the laceration, interrupted sutures 
can be easily placed, and healmg is very prompt If the laceration is 
of any size, it is advisable that a pressure dressing be applied over the 
wound for a period of forty eight hours or longer to pre\ ent the 
formation of a hematoma under the skm flaps 

A type of laceration that occurs rather commonK in the region of 
the scalp and forehead is the so-called stellate laceration The force 
causing this injury is directed perpendicular to the scalp surface and 
compresses the tissue against the cranial bones Over the forehead 
where the end results of such laceration are somewhat disfiguring to 
say the least, it is cosmetically important that a mimmal scar be ob 
tamed This type of laceration is difficult to suture svich any degree 
of care because of the multiplicity of the lacerated edges When it 
occurs on the forehead, it is best treated b> cont citing it into a single 
Unc scar by excision of the fragmented edges and undermining the 
wound so that the scar will preferably be m the horizontal meridian, 
following the lines of Langer 

The most important point in the suturing of facial wounds nett to 
obtaimng functional results, is to obtain desirable cosmetic results The 
excessive formation of scar tissue is not compatible with good cos 
metic results In order to minimize the formation of scar tissue it is 
of utmost importance to remote all tension from the skin edges them 
selves This is done by adequately undermining the laceration and by 
placing interrupted buried fine silk, catgut or cotton tension sutures 
(Fig 1) If the laceration is from the skm through the mucous mem 
branc surface, this tension suture is a figure-of-8” suture (Figs 2 
and 3) with the knot on the mucous membrane surface When tis 
sue tension is thus minimized, the skm edges are brought together with 
continuous subcuticular stitch of some nonabsorbable material such as 
nj Ion horsehair or steel, preferably on an atraumatic needle 

Where the skm edges are not m perfect apposition, horsehair sutures 
with a double twist or friction knot are sufficient to correct this de 
feet The horsehair tied in this manner affords some give to the 
knot to allow for tissue sw elling, and in this manner it tends to reduce 
scar formation due to localized pressure of the sutures The normal 
healing w ound is usually agglutinated in tw enty four to fort\ -eight 
hours, at which time these interrupted horsehair sutures may be re 
moved A firm pressure dressing is then applied o\ er the wound to 
further aid in splinting the tissues If the wound is over a region 
where jaw movement will cause undue tension, the jaw should be 
adequately immobilized for five to sesen days 

Lfd lacerations should be repaired wath much care in order to pre 
sent any disfiguring notching cicatncial ectropion, and subsequent 
exposure keratitis These are most oftea caused bj sertical lacerations 



Fjg 2 Fig 3 

Fig 1 —Technic for closure of lacerations to a^oid tension on slvin edges A, 
Horsehair friction knot (double mist) B, Usual depth of continuous subcuticu- 
lar suture (nylon, silk or wire) C, Principal tension suture with surgical knot at 
depth of laceration Tension is on this suture and not on ^ or B D, Under- 
mined region to aid approximation E, Aluscle layer 

Fig 2— Technic for closure of full thickness lacerations invohing skin and a 
mucous membrane surface (lips, checks, ala, etc ) A, Horsehair friction knot on 
skin surface (E-E) B, Depth of subcuticular suture C, Figure-of-8 suture upon 
which IS placed the pnncipal tension load Started on the mucous membrane 
surface (F-F) the suture is placed so that the muscle mass (D-D) on either side 
of the laceration is incorporated m a manner to allow maximum approximation 
of muscle tissue and least amount of tension on skin surface This suture is tied 
with a surgeon’s knot 

Fig 3 — Halsted s intradermic or subcuticular suture, employed xvhen espe- 
cially fine scar is desired I Needle introduced 0 S cm bej ond one angle of wound 
and brought out at end Needle engages corium at pomes 0 5 cm apart, until 
entire w ound is trai ersed Suture then brought out 2 or 3 cm beyond angle of 
wound, needle being kept close to skin and at the same level on both sides 
11 Double suture A, a, Deep suture A, b. Superficial suture B, Suture tied 
c, o'. Superficial suture brought out on skin surface every 2 or 3 cm to facili- 
tate its subsetiucnt removal Fomon 3 
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imolvmg one or both lid matins Such lacerations may be caused 
when a blunt object is thrown against the eye The anticipation of the 
oncoming blow results in a protective contracture of the orbicularis 
oculi which thus holds the tarsi rigid When the blow arm es, the more 
solid tarsi is split by the force, and the subsequent contracture of the 
orbicularis ocuh pulls the wound apart, thus resulting m the charac 
teristic V shaped lid lacerauon Such lacerations are best repaured by 
taking a bite with a fine full curved atraumatic needle 3 to 4 mm from 
one lacerated edge on the mtramarginal sulcus of one side, through 
the plane of the tarsus, to emerge through the mtramarginal sulcus on 
the other side about 3 to 4 mm from its lacerated edge (Fig 4) With 



Fig 4 —Diagram of a V shaped lacerauon of lid margin The fint and ini 
portant stitch is the one that is taken m the plane of the lid beginning J or 4 
mm from the lacerated edge on the gray line of one side to emerge through 
the gray line on the other lacerated edge about i to 4 mm from its edge With 
this suture in place, interrupted horsehair ‘unices for the skin surface and fine 
silk sutures for the conjunctiial surface may readil) be inserted A pressure 
dressing is then applied 

this suture in place but not tied for the moment, it can be used as a 
traction suture, and the conjuncti\a and skm may be separately sutured 
with greater ease A petrolatum dressing can then be applied over the 
lid and a moderate pressure dressing applied In every laceration about 
the eye, one should always examine the eyeball to determine the ex- 
tent of possible ocular injury If vision is lost, or if for any reason the 
eyeball does not appear normal, the aid of an ophthalmologist should 
jbe sought immediately In the mterval, the mere use of a sterile dress- 
ing over the eye will suffice as purposeful neglect will do less harm 
than inquisitive manipulation 

Lacerations about the vose that imohc the lateral borders of the 
nares and the columella must be accurately approximated because 
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minor differences in svinmctf) can readily lie noticed Cite m sutur- 
ing Mith the proper needles will usual!) gne satisfactory results 
Lacerations imohing the tip of the nose must not be heivily sutured 
as this maj impair the blood suppU and hinder healing The presence 
of deep sebaceous glands in this region inxitcs infection, it is there- 
fore advisable not to burj an\ sutures here, but simpl) to close the 
wound w ith interrupted nonabsorbable sutures Collodion dressing on 
the surface to further aid in stabilization is indicated 
In zerticnl lip lacerations one should first approMinarc tlic lacera 
tion by accurately marching the mucocutaneous line of one side 
with that of the other Tension sutures of the “figure-of-8” variety 
should be placed, and then the skin may be approvimatcd with in 
termpted horsehair sutures tied with a single friction knot No dress- 
ing IS needed over these areas, as any dressing is readily soiled b\ 
saliva, but if a dressing is desired, a small collodion impregnated cot- 
ton dressing on the skin surface only is satisfactorj 
Lacerations of the tongtic heal readih’ Mere puncture wounds, if 
they are not bleeding, require no suturing Larger lacerations, espe 
cially if they involve the margin of the tongue, usually require sutur- 
ing The use of a minimal number of intcrnipred silk sutures to ade 
quately approximate the tissues and mamtam hemostasis will suffice 
Ear lacerations are difficult to repair because they are usuall) caused 
by an avulsive force so that the lacerated edges are fragmented and 
beveled It is not wise to trim any of the fragmented and oftentimes 
semimacerated skin, for one will usuall) be left with an embarrassing 
insufficiency of skin to cover the cartilage It is necessary that the 
cartilage be in accurate apposition before the skm is sutured, other- 
wise a terraced effect will result from the overlapping After a care 
ful approximation is made, the next hazard is the prevention of an 
auncular hematoma A dental mold impression of the posterior sur 
face of the ear is made, and a relatively firm dressing may be used 
over this mold It is sometimes necessary to weigh the benefits of pres- 
sure against the dangers of ischemia, especially when local tissue cyan- 
osis is noted 

It IS possible to repair nearly all soft tissue injuries about the face 
b) means of local anesthesia, infiltration or nen e block If the lacera- 
tions are seen early, suturing may be done without anesthesia, as the 
anesthetizing effect of the trauma coupled w ith psychic shock of the 
accident will often have an analgesic effect The use of local infiltra- 
tive anesthesia (l per cent novocaine with adrenalin I 10000) does 
not have any noticeable effect in wound healing or m scar formation 

FRACTURES 

The management of facial bone fractures may be started immedi 
ately after the more impending injuries are cared for This may be 
anywhere up to fort) eight hours after mjurv, bur even after this 
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period one can safely and adequatel} treat these fractures The earlier 
these fractures are reduced, the lower the incidence of infection This 
IS particularly true of fractures of the mindible 
The severity of facial bone fractures, more particularly the trans 
verse facial bone fracture, may be such as to entail the combined 
knowledge of a neurosurgeon, an otorliinologist and an oral surgeon 
In the average civilian practice, however, such cases are rare because 
when these cases are encountered, the number that survive to receive 
treatment of their facial fractures is small In a series of 300 consecu- 
tive cases of facial bone fractures treated in a civilian hospital, the 
incidence of fractures of the vinous facial bones was as follows 

Per Cent 


Mandibular 86 

7i gomatic 5 

Trans\ene facial 4 

Nasal 2 

Condylar 2 

Irontal 0 5 

Coronoid 0 5 


A short description of the methods used m the treatment of various 
facial bone fractures is herewith given Treatment must be preceded 
bv definite clinical and roentgenographic evidence of a fracture, other- 
wise the situation mav be embarrassing To illustrate this point, a 
patient with a definite historv of trauma to his jaw which was fol- 
lowed by a pronounced swelling and marked trismus, was admitted 
with a diagnosis of a fractured jaw The history and climcal finding 
suggested a fracture at the angle of the mandible, with a deep-seated 
abscess or hematoma However, when numerous radiographs were 
taken, no fracture line could be found The blood serology was found 
to be positive, and clinical evidence of a fracture at the angle rapidly 
disappeared with the proper antiluetic therapy 

Frontal Bone— A depressed fracture of the frontal bone may be of 
no particular consequence if the depression mv oh es only the outer 
cranial plate If the inner cranial plate is involved and symptoms of 
cerebral compression are present, the problem is a neurosurgical one 
The force that causes a depressed fracture of the orbital nm nearly 
alw a> s makes it a compound one If the fragment is displaced down- 
ward, It ma> be replaced b> digital manipulation or an open reduc- 
tion The exposure of the frontal sinus and also the possibility of the 
cranial vault being entered, makes the prophylactic use of the sulfo- 
namides or pemcillin imperative The surgical replacement of a de- 
pressed fragment or traction made to an appliance is only rarely indi- 
cated If a depressed fracture of the outer plate of the frontal bone 
IS seen several days after the acadent, and there is no evident com- 
plication, It is safe to permit the wound to heal, and at a later period 
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the frontal defect mi' he filled vith niiiogrifts of nicdullin bone 
from the trest of the ilium or homognfts of diced cartilage 
Zygomatic Bone depressed fracture of tiic 7\goniatic lione causes 
a marked disfiguring facial asMiiinem mIucIi results in tlic loss of the 
height of the ‘cheek lionc and the distortion of the orbitil contour 
The force that causes tli|S t\pc of miurs docs not usuall\ create a 
compound fracture These fractures nnv be safclv reduced even sev- 
erd davs after the accident Their reduction in the average case is 
made b\ placing an elevating instrument beneath tlic bone, and then 
raising the fragment into position This instrument nnv be inserted 
either through a stab incision m the buccal fold next to the third 



Fig 5— Method of elevating depressed z)goniatic bones advocated bj Straith 
Under local anesthesia a sinaU incision is made high in the mucobuccal fold in 
the region of the upper third molar A suitable instrament, somewhat as shown 
IS inserted into this incision and up under the depression which can generally 
be manipulated into place. 

molar and thence under the malar bone (Fig 5), or by Gillies 
niethod, through a small incision in the parietal region in the hair 
bearing area The instrument is made to slide over the temporal mus 
cle and then under the z}goma In the latter maneuver, the use of a 
suitable sized object under the elevating instrument as a fulcrum Will 
greatlj ease the manipuhtion In recalcitrant cases it may be neces 
sary to do an open reduction and anchor the zjgoma to the frontal 
bone with wire 

Nasal Bone —A depression and lateral displacement of the bridge of 
the nose is the usual type of nisal fracture Such cases are readily cor- 
rected if seen carl) For anesthesia, the nasal cavit) is packed with a 
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4 per cent cocaine pack, and rfus is supplemented by a subcutaneous 
m)ection of 1 per cent novocune over the bridge and lateral walk of 
the nose The cocaine packs are then removed, and a rubber protected 
hemostac or similar instrument is inserted into the nasal cavity and the 
depressed fragment elevated and maneuvered into position by digital 
mampuUnon An mtranasal splint is placed under the depressed frag 
ment, and an external molded ^bnt is placed to hold the fragments m 
place The mtranasal splint or packing is remot ed betw een forty eight 



r«g 6. Fig 7 

Fig e-Traumaoc saddle nose” Failure to rtposiuon fraemred nasal bones 
can result in this type of a dtfomnty 

Fig 7 -Refracturc of the nasal bones to realign the structures plus die use 
of candage to substitute for lost arucnires can give a satisfactory cosmetic re 
suit However this lengthy procedure could be avoided if proper treatment is 
instituted foilouing the trauma 


and seventy two hours later, to prevent pressure necrosis of the nasal 
mucous membrane The extcmil splmt may be left on for a week 
(Figs 6 and 7) 

In severely compounded and depressed nasal fractures, xvherc it is 
not possible to use any externally molded splmt, it may be necessary 
to use a U shaped appliance with one of the arms of the "U" holding 
up the depressed fragment, and the other arm attached to a headcap 
appliance Jf such an appliance is not immediately ax aiiable, it may be 
a wiser procedure to reduce the fracture in as simple a manner as 
possible and suture the skin ovet it with interrupted sutures After 
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the wound is healed, a rhinoplasric procedure ma> he performed (Figs 
8 and 9) 

Maxillary Bone —Fractures of the maxilla ma> \ar\ from a simple 
puncture wound of the maxiHarj sinus to a set ere impacrion or dis 
placement Such fractures max m the mechanical mgemuty of the 
surgeon to construct a proper appliance for fixation The problem is 
further complicated in an edentulous patient Wo single method can 
be used for all t\ pes of fractures but each ease must be studied in its 
ow n Itglit If the mechanics of the fracture is understood the treatment 



Fig 8 Fjg 9 


Fig 8— Traumauc displacement of the nose to the left and failure to resign 
after injury can result in this type of deformity The line represents the posiuon 
of the dorsum as normally seen 

Fig 9— The nose can be replaced in a more normal posiuon but to do this 
requ res a complete nasal plastic operation a procedure that can be avoided if 
the proper realignment and fixauon are earned out at the time of the original 
accident 

will be evident The multiplicity of methods of treatment is evidence 
of this fact 

In a simple puncture wound of the maxillary sinus the wound is 
cleaned and freed fragments are removed The skin over the area is 
then carefully sutured No gauze should be packed into the sinus 
cavity as this would interfere with the normal action of the ciliarv 
epithelium (Figs 10 II, 12 and 13) If there is a pronounced com 
mmution gauze packing may be used to hold the fragments in posi 
tion The packing ma> be removed gradinll> over a period of dajs 
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In a se\crel\ impacted fnctnrc of the nuMlIa, one can sometimes 
mote the fragment bj snnpK grasping the teeth and loosening the 
impaction If this is not possililc, one must resort to the use of trac- 
tion ttith rubber bands otcr properU constructed arch bars When 
reduction is obtained, fi\ation is maintained b\ ttirmg the teeth of 
the moMlla to those of the unfracnired mandible the occlusion of the 
latter being a guide to the proper reduction 
In marked doa\n\\ard displacement of the mavilla, the I cdcrspicl 
method or ana method that \\ ill accomplish the same purpose ma\ be 



Fig 14 xA po»& ble skaill fracture is no excuse for dcl3> in treating facial in 
juries This cas- includes a depressed right z>gofnaiic arch a transterse fracture 
of the upper jau and a fracture of the lower left jaw, together with fractured 
teeth and a large opening into the left maxillary sinus All were treated imme 
diately following injur> 

Fig 15 —The wound was cleansed thorough]}, the bones stabilized in approxi 
matel} normal posiaon and the laceration dosed A headcap was applied to 
hold a w ire that aided ui stabilizing the upper jaw and nght z} goma Cxtemal 
pm hxaaon was utilized for stabilization of the fracture of the left mandible 

Fig Ifi— The final result obtained at ^'ix months following the accident A 
large opening persisted in the floor of the left maxillary sinus at the site of the 
upper left first and second molars At the time of the accident these teeth were 
fractured and a large ponion of the aheohr ridge was lost This opening was 
closed with a double pedicle flap from the palate 

used In the former procedure i half round arch bar is wired to the 
buccal surface of the maxillarx teeth A loop of stainless steel wire is 
then placed around the arch bar in the region of the second premolar 
tooth on each side The wire is carried upwards through the buccal 
fold and made to emerge just lateral and inferior to the outer cawthus 
I oca! infiltration of 1 per cent mnocaine makes this procedure pain 
less The free ends of the wires are then attached to a bar m the 
plaster headcap and the traction is made m the du-ection that will 
best correct the displacement, bs twisting the ends of the wire oser 
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attachments in the headcap Once occlusion is obtained, it may be 
maintained by proper ^\lrlng of the teeth, tvith the use of the man 
dibular teeth as a guide and splint (Figs 14, 15 and 16) 

Mandible —The mandible is the most frequently fractured of all the 
facial bones Its architectural structure is such that any force striking 
It IS transmitted along its substance in such a manner that, if this force 
IS great enough, it is likely to form a fracture not only at the site of 
the impact but also on the opposite side Thus, if a fracture is found 
in the region of the mental foramen of one side, one should aluays 
suspect a fracnire near the angle on the opposite side The frequency 
of fractures in the various parts of the mandible is given in the fol 
lowing order (I) the region of the angle, (2) the mental foramen, 
(3) molar, (4) svmphysis, (5) condyle and (6) coronoid 
Treatment consists of attempting to establish and maintain normal 
occlusion in such a manner as not to hinder swallowing or obstruct 
breathing This may be done m a temporary manner by in elastic 
bandage until a more adequate meins of fixation is available Bandag 
mg IS of little value if there is some displacement of the fragments 
Other types of fixation that may be used are wiring of the teeth, cx 
ternal skeletal fixation and specially made dental splints 
Mandibular fractures are generally considered to be compounded 
either m the mouth itself or through a tooth socket At least 95 per 
cent of such fractures have been estimated to be thus compounded, 
and therefore the incidence of infection should be very high Early 
1 \ fixation within four to six hours will aid in preventing the destruction 
y of tissue and greatly reduces the incidence of infection Thus if fixa 
tion is done early, less thin lO per cent of the fractures develop com 
plications, whereas, if this is delayed a week, the incidence is over 60 
per cent Surgical drainage of an abscess resulting from a mandibular 
fracture preferably should be extraora! rather than intraoral, and m 
any case it is never carried out until all the surgical indications for 
incision and drainage are present 

Alveolar Process —In children and y oung adults, a severe blunt force 
oftentimes dislodges the entire anterior alveolar process, so that on 
clinical examination there is a decided mobihty of the entire dental 
Itch such cases, anv fiagment Vox mg an attacVimcTiX to soft tissues 
should be retained Fixation to the adjoining teeth may be necessarv 
to maintain stabibzation The regenerative power of the alveolar proc- 
ess is V ery great and oftentimes a seemingly hopeless fracture surpris 
ingly may regenerate into a firm and useful ridge 

In facial injuries there is much to be gained cosmetically and psy 
chologically by plastic procedures after functional results arc obtained 
Surgical reconstruction of facial deformities of course is limited in its 
ultimate results It is impractical to subject a patient to numerous 
and lengthy operative procedures when the end result will be only a 
slight improvement over the original defect Possiblv it is better to 
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Fig 17 --4, Loss of ap of nose presents a problem m surgical reconstrucuon 
m persons of adunced age In this case restoration was earned out by unhzmg 
a latex prosthesis Cosmetic appeannee fB) i$ s3iisfactor> and the patient is 
satisfied 



Fig 18— The most useful single procedure in plasuc surgery is the Z plasuc 
operation Line A B represents the line of tension produced by scar assue The 
object of the operation is to introduce normal scar free tissue in this bne of 
tension to impart e]asticit> to it The broken lines, placed at an angle to bne 
A B, m such a way as to form a Z are the pnncipal components in outlining 
the desired operation 

Fig 19— With line A-B still representing the lines of tension flaps 1 and 2 
are made by incisions along the previously determined bnes These flaps must 
be freely undermined in order to transpose them 

Fig 20— With the flaps 1 and 2 mterchanged the position of the original Z 
ts reversed, so that the line A-B has interposed in its bne of puU two flaps of 
healthy, elasuc assue This operaaon can be repeated along a bne of tension if 
one operation does not give enough freedom 
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Im e 1 facnl prosthesis made for the defect This m ould include siicli 
deformities as pnrtnl or entire loss of the nose and marked bon\ de 
fects of the orbit and ma\illar\ sinus (Fig 17 A and B) 

There are numerous surgical procedures that m ill greatly improi c 
functional and cosmetic results The simple procedure of removing a 
^\lde and disfiguring scar and replacing it bv a hairline scar ^till pro 
duce marked cosmetic impro\emenr This is done b\ adhering to the 


Fg 21 Lacerations and contusions of the frontal area sustained in an auto 
mobile accident The frontal bone «as eyposed bur no fracture appirent Pauent 
seen ssith n ts o hours after the accident 

Fig 2’ The wound was thoroughlj cleansed the roughened edges smoothed 
and the tissues undermined to gne closure \ ithout undue tension The hematoma 
just be>ond the ha r I ne s as CNprcsscd manuallj and the laceration sutured No 
drains were inserted In additon t> closnp the wound b> the method described 
in Figures J and } large pressure dressnp^ \ ere appJ ed It was felt ibar sl-in 
grafts s ere not ind cated as a d rect closure was poss I fc 

ph> siologicil pnnciple of reducing tissue tension to the minimum at 
the Mound edtres after the scar h^ been excised and the wound suf 
ficientlj undermined and properU sutured Scars about the forehead 
cheek and chin respond to this procedure with the most graiif}ing 
results I inear contracting scars that cause disfi<rurmg ectropion of 
the e% elids and lips and distortion of the external nares can often be 
corrected bj a simple 7 plastic (Figures 18 19 and 20 explain the 
principle of a 7 plastic operation ) If the contracting scar is a broad 
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band, it ma\ be excised and made into a linear one or repheed b\ a 
full thickness free graft or a pedicle graft 
The use of autografts of cartilatrc or mcdul!ar\ bone m the rccon 
struction of bon\ contour of the nose, chin forehead and cheek bone 
IS becoming mcreasingU popular Cambec homografts ha\c indicated 
usatre under limited circumstances 
The problem of the proper manaccincnt of facial mjuncs m all its 
aspects co\ ers a broad expanse of surgical principles (Figs 21 and 22) 
Much emphasis must be placed on the axiom that there is onl\ one 
chance xs e hax e to rcall) help the patient and that is the first time he 
IS seen So much depends upon what is done at this time that it wiU 
determine to a large extent the post traumatic morbiditx Eari\ and 
proper treatment should be within the patients reach c\en if scxeral 
personalities must contribute to this end The \ast possibilities and the 
limitations in the field of surcical reconstruction should be made 
known to the patient with facial defects 



PEDICLE GRAFTS FROM THE ARM 
FOR RECONSTRUCTIONS ABOUT THE FACE 


Hilger Perrv Jenkins, M D • 

The arm flap ofTers a simple and satisfactory means of restoring skm 
and subcutaneous tissue to defects abour the face m selected cases 
The four patients presented m this paper illustrate the usefulness of 
this procedure, the surgical technic imohed and the vicissitudes m 
herent in these operations 



Fig 23 Fig 24 

Fig 23 (Case I) —Showing original loss of tissue of frontal region shortly after 
propeller injoiy 

Fig 24 (Case I) —Ulcerated scar tissue deformity five years after original injury 

Case I—A >oong woman received an iniurj five years previously from an 
airplane propeller which caused considerable loss of skin from the left side of 
her forehead and scalp loss of a fragment of temporal bone and damage to her 
left eyeball (Fig 23) Several attempts to skin graft the denuded area were made 
shortly after the mjur> At the present time she has an unsightly scarred area 
on her forehead which is ulcerated in the central portion and around which there 
are irregular ridges (Fig 24) The base of the ulcerated area is apparently the 
penosteum of the frontal bone AU attempts to obtain healing thus far have failed 


From the Department of Surgery, Uraversity of Cliicago School of Medicine 
•Associate Professor of Surgery, Universitj of Chicago School of Medicine 
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Operation -The ann flap was selected m preference to the free graft 
because of the chronic ulceration and infection in the scar and because 
of the desinbiht) of having a thin laver of subcutaneous tissue be- 
tween the bone and the skin 

The flap was prepared bv a senes of prclinunar} incisions whicli 
were made under local anesthesia using 0 5 novociinc A cardboard 
pattern of the area that required grafting at as cut out and used as a 
guide to determine the size of the pedicle on the arm Parallel inci- 
sions were made, and the intervening skin and sulicutancous tissues 
were elevated from the underlving muscular fascia I hesc incisions 
were then closed with hnc dermal sutures After healing had occurred, 
these incisions were extended further upward, and an additional por- 
tion of skin was elevated from the fascia After tins was healed, a 
transverse incision was made at the upper end of these parallel inci- 
sions to interrupt the blood vessels entering this end of the pedicle 
This was sutured and allowed to heal In the next stage the entire 
pedicle was elevated from its bed by cutting through the previous in- 
cisions This was done to determine the adequaev of the circulation 
through the distal end of the pedicle The circulation did not appear 
to be satisfactor) m the tip of the pedicle and so tlic flap was sutured 
back in place in its original bed instead of being transferred to the 
forehead at this time A small area of necrosis developed at the tip 
of the pedicle 

When the small necrotic area had separated and healing had oc- 
curred, the flap was elevated again This time the circulation appeared 
to be satisfactory, so the excision of the ulcerated scar tissue on the 
forehead was carried out and the flap was sutured into place with fine 
interrupted dermal sutures The defect of the arm was closed b> ap- 
proximating the skin on either side of the pedicle with interrupted 
sutures The arm was held in place by a plaster cast (Fig 25) This 
operation was performed under so called ‘sterile” etlicr anesthesia 
The pedicle graft gradually became darker m color, and it was 
necessary to massage the flap gently to aid in eliminating the venous 
blood This was done with cotton applicators at about half-hour in 
tervals during the first night after operation Without the aid of this 
gentle massage the pedicle would become very dark and cyanotic 
The following morning the color of the pedicle was a bright pink, 
and the danger of necrosis appeared to be over In addition to massage 
it IS important to have the patient lay m such a way that gravity will 
aid in the elimination of the venous blood from the pedicle 
The pedicle graft healed m place on the forehead, and twelve days 
after the transfer, the base of the pedicle was compressed with a 
rubber covered intestinal clamp to determine the adequacy of the cir- 
culation from the new bed There was no color change following the 
application of the clamp, so the base of the pedicle was cut across 
The plaster jacket was removed, and the stump of the pedicle on the 
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arm vas trimmed and sutured doun Two days later the free end of 
the pcdick on the forehead was trimmed and after excision of more 
of the scar tissue it w as sutured in place There w as considerable red 
ness and swelling «‘f the flap on the following day which was espe 
tiall> noticeable at the place where it was most recentl) sutured into 
place ft was necessarj to reiuoxe several of the sutures and etacuate 
1 moderate collection of purulent material which had collected under 
this part of the flap A heaw growth of hemoKtic Staphylococcus 
aureus yvas obtained on culture Following this the healing progressed 
without mishap 



Fig 25 Fig 26 

Fig 25 (Caie I) -Pedicle graft from arm sutured in place on forehead after 
excision of tins ghtl> ulcerated scar Imnu bilizstion obtained by body and arm 
cast 

Fig ■’6 {Case 1) — End resiU of ann flap transferred to forehend fifteen 
months later 

For seicral months after the transfer of the flap to the forehead 
there was some fullness of the graft which was not entirely desirable 
This improycd oyer a period of months until the flap was smooth and 
had merged with the surrounding skin without a conspicuous line of 
junction At fifteen months the end result was quite satisfactory (Fig 
16) The artful use of cosmetics his minimized my appreciable differ 
ence in color which is of course to be expected yvhen arm flaps are 
used about the face When last seen si\ years after the operatne pro 
cedures described the graft was in good condition 

CxsE II —A X' Oman aged 60 j cars first noticed a red scaly indurated lesion 
on her cheeVs forty fi'c years ago This was diagnosed as lupus vulgaris During 
the following set en years she had seteral senes of x ray treatments for the lesion 
On one occasion the patient was inclined to believe that a sery considerable 
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overexposure to tlie x raj occurred as the result of an oversight on the part of 
the X ray attendant Subsequent!) there was increased redness of the lesion UI 
ceration later developed involving the nose A pedicle graft from the arm was 
used to reconstruct the nose This was perfonned twentj scars ago In the past 
three jears she has noticed an ulcerated lesion on the left side of her cheek 
which has progressed until it has partiallj dcstrojed the left side of the rccon 
structed nose and the upper lip (1 ig Kepeated biopsies of this lesion faded 
to reveal i malignant lesion The demiatoloc) consultants believed that the 
lesion represented a late result of an ol 1 lupus vulgaris complicated b> acuno 
demiatius from x raj The right side of the reconstructed nose was in good con 
dition and the right deck was free from ulceration 

Operation —K pedicle flap from the ann was planned which would 
be adequate to restore the upper lip the side of the nose and part of 
the check This was mapped out on the arm and prelinimarv prepan 
tor) incisions were made This was done in two stages Parallel inci 
sions were made the mtcrxenmg sktn was elevated and then the tnci 
sions closed The upper end of the pedicle was transected ten davs 
later and sutured 

After another two weeks tlic entire pedicle was elevated and found 
to have adequate circulation The defect on the arm was partialis 
closed with interrupted sutures and the rcnnming raw surface was 
covered b> a suUachiazole ointment dressing^ The lesion on the cheek 
side of the nose and lip was then excised The pedicle graft was cut 
in such a waj that pare of the graft formed a flap for the upper lip 
and the other parr formed a flap for the restoration of the left side of 
the nose The remainder of the flap was used on the cheek The arm 
was immobilized in a plaster cast as described m the previous case 

The microscopic examination of the tissue remov ed at operation re 
vealed basal cell carcinoma It is difficult to explain wh) the manv 
previous microscopic examinations of tissue removed from this lesion 
failed to reveal the presence of the carcinoma 

When the pedicle graft had been m place for ten daj s the base of 
the pedicle was constricted b) a rubber tourniquet No appreciable 
color change occurred so the base of the pedicle was transected, the 
cast removed and the stumps of the pedicle dressed with sulfathiazole 
ointment dressings Two davs Inter the remaining raw surface on the 
arm was covered b\ a dermatome skin graft The remaining pedicle 
on the cheek was then trimmed more of the skin of the cheek was 
excised and the pedicle graft was sutured into place Satisfactorv heal 
mg occurred 

When the result of the pedicle graft was reviewed a month later 
It was apparent that there was more subcutaneous tissvie under the 
lateral portion of the flap than was cosmeticall) desirable This was 
the last portion of the flap to be sutured m place after the transection 
of the base of the pedicle There is some risk of impairing the circula 
tion of this portion of the flap b) endeavoring ro thin out the sub 
cutaneous tissue to anv great extent soon after the pedicle is severed 
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from the arm It is preferable to thin out the subcutaneous tissue at a 
subsequent operation ^vhen the tissues are less indurated and the blood 
supply less vulnerable This was done for the patient at this time and 
considerable improvement resulted 

After another three months an additional procedure was performed 
to improve the appearance of the nose at its junction with the cheek 
An incision was made along the left side of the reconstructed nose 
and a considerable amount of subcutaneous fat cvcised The incision 
was closed and pressure applied along the incision with a dressing in 
such a wa) that the crease at the junction of the nose and cheek was 
icstored 



Fig 27 Fig 28 

Fig 27 (Case II) —Destructive ulceraung lesion involving lip check and side 
of reconstructed nose This was found to be basal cell carcmomi which had dc 
veloped in an area which had been damaged by excessive x ray treatments for 
what onginalb "a» believed to be a lupus 

Fig 28 (Case 11) —End result at sexen months of pedicle graft from arm to 
restore upper lip side of nose and cheek after excision of basal cell carcinoma 

After anothei tw o months the end result w as review ed again and 
It was found that there was too much fattv tissue on the right side 
of the nose, which had been reconstructed tvventv >ears previously to 
match the result obtained on the left side This was thinned out b> 
an incision made on the right side of the nose at the junction with the 
cheek After this w as healed the end result appeared to be reasonabl/ 
satisfactory (Fig 28) 

CvsE III— A 33 year old woman had a vascular nevus involving most of tlic 
right side of her face since birth She received a number of carbon dioxide snow 
treatments when she was about J years old \M»cn she was P years old she rc 
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ceived wdium treatments about once a month for the nett n^o yean. After 
these treatments the port-wine color of the lesion was somewhat lighter, but the 
surface became more irregular. At the age of 18 an ulcerated area dev eloped on 
the nose. This was diagnosed as a “malignant lesion,” and intensive radium treat- 
ments to this area were resumed. The lesion healed over and did not cause 
trouble for ten years. In the past > ear an ulcerated lesion again dev eloped on 
the nose and failed to heal. 

Examination reveals extensive right-sided vascular nevus and actmodcrmaotis, 
which is most severe on the skin of the cheek and the side of nose. An ulcera- 
tion is present on the nose which extends into the nasal cavity (Pig. 29). 



hig. 29 (Case HI).— Extensive vascular nevus of face, and acunodermadus 
from extensive radium treatments. Area of necrosis has developed on nose with 
perforanon into nasal cavity. The skin about the perforation and on part of 
cheek shows severe damage from the radium and may undergo malignant de- 
generation. * 


Operation .— margins of the ulcerated lesion were excised, and 
an attempt was made to close the skin over the defect. The micro- 
scopic examination of the tissue remov'ed did not reveal evidence of 
malignant changes. The wound did not heal, and another ulceration 
developed. There was some ev’idencc of necrosis of the tip of the nasal 
bone which could be seen in the depth of the ulcerated lesion. 

The perforation into the nasal cavity would of course necessitate 
a pedicle graft. The area of skin on the cheek w'hich was most severelj' 
damaged by the radium would require replacement because of the 
possibility of subsequent carcinomatous degeneration. One had the 
choice of a small flap just for the nose and a dermatome graft for the 
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cheek or of a larger flap which could be used for both nose and 
cheek The latter method was chosen 
Preliminary incisions m t\\o stages were made m the arm, as de 
scribed in the previous case When these were healed, the flap was 
elevated from the arm and the donor bed closed b> sutures The flap 
appeared to be entirely Mablc, so the most severelj damaged skin of 
the nose and cheek was excised and the flap sutured into place The 
arm was immobilized m a plaster cast (Fig 30) The portion of the 
pedicle ber\veen the cheek and the arm was formed into a tube bj 
approximating the edges with sutures This obliterated the raw surface 



Fip jO (Ca<e III) —Pedicle graft from arm to nose and cheek Rubber tourm 
qiiV has been applied to base of pedicle to rest adequac) of new circulation 
before cutting base of pedicle 

which IS otherwise obtained m this t)pc of graft Ten da>s later the 
base of the pedicle w as transected after being tested w ith a tourniquet 
for adequacs of the new circulation 
Four dais after the transection of the base of the pedicle, the tubed 
portion of the pedicle attached to the check was unfolded and 
trimmed An additional area of the cheek skin was excised and the 
graft was sutured down m place In renewing the immedntc result 
of the graft it was obsened that there was more subcutaneous fattj 
tissue under the graft than was desirable (Fig 31) 

After three secondar) procedures on the graft during the ensuing 
fi\ e months, the excess subcutaneous tissue w as remoi ed w ithout im 
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patnng the orciilation to tlic grift When the result 'ms reviewed 
one jear after the transfer of the graft to the ficc the cosmetic result 
appeared to lie satisfactory (Fig 12) The piticnt had become quite 
adept at the use of ‘covermark vvhicli w is netessarv to conceal the 
remaining portion 6f the vascular nevus and also served to make a 
satisfactorv color matching of the pedicle flap which otherwise would 
hav e a lighter color than the normal skin of the face 
There w as some question about rcniov mg more of the si m mv olv ed 
b> the vascular nevus The remaining areas did not show evidence of 
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Fig 31 (Case III) -Immediate result of pedicle graft to nose and cheek to 
restore skin to the area which had been most se^crch damaged b> the radium 
and which m3> othensise undergo malignant change At this nme there is more 
subcutaneous tissue under the flap titan is cosmcticallj desirable 

Fig V (Case III) —End result of pedicle graft to nose and cheek Subcu 
taneous tissue under flap has been thinned out and covermark used to conceal 
the remaining vascular nevus and to make a satisfactory color matching of the 
pedicle graft 

precancerous changes as a result of the radium treatments and in 
view of the satisfactory cosmetic result obtained by the covermark 
there was neither a medical nor cosmetic indication to replace the 
rest of the skm involved by the nevus 

Case IV —A man aged 46 j cars received an extensive series of x ray treat 
ments on his face about fifteen years previously This was done for a pustular 
dermatitis A sesere actinodeimatins dcxeloped and during the past three years 
he had noticed multiple lesions dcseloping on the skin of his face and nose 
Crusts formed over these lesions and xvhen these were remosed an ulcerated 
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area would remain There was one relaavel/ large lesion involving the op of 
the nose Tins lesion was excised and found to be squamous cell carcinoma The 
situation required an extensive program of skin excision and replacement not 
only of the no e but of the entire face from beneath the eyes to below the chin 
The details of this program of skin replacement are described elsewhere* and in 
this report we are concerned only with the reconstruction of the nose (Fig 3J) 


Operation —A pedicle graft from the arm was planned and prepared 
l)V preliminary incisions which were allowed to heal (Fig 34) The 



Fig 33 Fig 34 

Fig 33 (Case R ) — Acunodermatitis of face from x ray treatment fifteen 
years preiiously and mulnple areas of squamous cell carcinoma which have de 
1 eloped in past three years Lesion on tip of nose recently removed 

Fig 34 (Case IV) —Preliminary incisions in arm in preparation of pedicle 
graft for transfer to nose The parallel mcisiotis were made first and the inter 
vening skm elevated and then the incisions sutured The upper end of the flap 
was subsequently cut across sutured and allosved to heal The flap is now ready 
to be delated in its entirety and the circulation will be adequate from its distal 
attachment to arm 

flap was then elevated and the defect closed by interrupted sutures 
except at the base of the pedicle The rest of the skin of the nose was 
excised, and the pedicle was sutured into place on the nose (Fig 3S) 
There is one technical point that deserves mention and that is the 
difficulty that developed as a result of closing the defect on the arm 
too tightly after elevating the pedicle and transferring it to the nose 
There was so much constriction of the arm from the tight closure 
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that It acted as a constrictor of the arm and impaired the return cir- 
culation of the pedicle graft and the arm. The flap became progres- 
sively more cyanotic, and massage did not improve the appearance. 
It was necessary to remove the sutures which closed the skin over the 
donor bed. As soon as this was done, the return circulation improved, 
and it was possible to keep the graft in a satisfacror>’ condition with- 
out funher cyanosis by occasional gentle massage. 



Fig. 35 Fig. 3d. 


Fig. 35 (Caie IV).— Pedicle graft from arm transferred to nose and arm Im- 
mobiUzed in plaster cast. The base of the pedicle can now be transected as the 
establishment of the circulation from the redpient bed is adequate at end of 
ten days as determined by applying rubber tourniquet to base of pedicle. 

Fig. 36 (Case IV),— End result of nasal reconstruction with flap from atm. 
In addition, large dermatome grafts have been used to replace all of the sUn of 
the face from below the eyes to beneath the chin, to eliminate multiple areas 
of squamous cell carcinoma developing in areas of actinodermatitis from previous 
x-ray treatments. 

After thirteen days the base of the pedicle was transected, and the 
free end of the detached pedicle on the nose w'as trimmed and molded 
into shape to produce the nasal tip, columella and alae. This healed 
and the cosmetic result was satisfactory (Fig. 36). 

COMMaNT 

In the preparation of the pedicle grafts from the arm, the proce- 
dures described permit the establishment of adequate circulation in 
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the flap, without lea\jng the tissues open at any time The advantage 
js that the flap does not shrink m size as it usinflv does if tension is 
not maintained on the flap during the course of preparation Also in- 
fection IS avoided 

When a pedicle is elevated from the arm, one has a choice of hiv- 
ing the circulation piss throvigh cither the provmnl or the distal por- 
tion of It For some of the places about the face ind head it is prefer 
able to have the pedicle severed at its proximal end and attached b> 
Its distal end This avoids having the pedicle completelv rotated at its 
base, as would otherviise be neccssarv for these regions With reason- 
able care anj disidvantage of using the distal attachment foe the base 
of the pedicle can be ov ercome, and better results cm be obtained 

When a pedicle is elevated from the ann tnd the circulation docs 
not appear to be entirely satisfactor) throughout the pedicle, it is bet- 
ter to suture the flap back m place m its own bed and allow more 
time for adequate circulation to be esiabJished m the flap before trans- 
ferring it to the recipient sice * This procedure, which w as necessary m 
the first case, may s,i\c a considerable portion of the pedicle, which 
otherwise may undergo necrosis if transferred at a time when the cir- 
culation IS not entirely samfactorv 

When the pedicle is transferred to the recipient area and the arm 
IS immobilized in a cast, considerable care should be taken to bav e the 
patient maintained in bed in such ^ wav that the pedicle does not as- 
sume a dependenc position, as this « ill not favor the fetiim circula- 
'tton which IS often somewhat impaired for the first tvvcnt>-four 
hours In addition, tc ma) be necessarj to massage the pedicle gentl) 
until the venous return is satisfactorv This procedure was necessary 
in the first, third and fourth cases, and it is possible that a complete 
necrosis of the pedicle would have occurred without it The massage 
was carried out by cotton applicators which were soaked in an anti- 
septic solunon (ST 37) and genti) rolled across the pedicle A pres 
sure dressing would aid in preventing venous stagnation, however, 
there is considerablv more satisfaction m being able to observe the 
state of the circulation at all times rather than depending entirely on 
the pressure dressing to iioid the venous stagnation 

Care should be taken m the closure of the skm of the arm after 
elevating the pedicle to avoid n constrictor effect on the arm and an 
impurmenc of the return flow of blood from the pedicle and the arm, 
espeenti) w hen the hise of the pedicle is the distal attachment In the 
fourth case, so much constriction was obtained bv the complete clo- 
sure of the defect of the arm that the circulation in the pedicle was 
sevcrelv embarrassed After removal of the svirurcs in the arm, the cir- 
culation was quite satisfactorv 

It IS preferable to ipprovimate the skin edges to some evtcnc so that 
there is nor a wide giping raw surface A free gnft would generally 
suffice to dose most of these defects and ft is possible that putting the 
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graft jn at the time that the pedicle is elected would he the wisest 
procedure Tlie time for the csnlilishnicnt of adequate circulation from 
the recipient bed generalU \ tries from ecu to twelve da\s, at which 
time the base of the pedicle may be transected It is preferable to test 
the adequacv of the circulation b\ constricting the liasc of the pedicle 
with a small rubber tourniquet before transecting the base 
It IS desirable to allow a short interval of one or two da\s after the 
transection of the pedicle before trimming and suturing dow n the 
portion of the pedicle in pro\iniit\ to tlic line of transection This 
permits a little better circulators adpistnicnt of this portion of the 
flap and insures its complete \iabilit\ when sutured down into tlic 
defect 

Secondarv rev isions of the graft to obtain the hesc cosmetic effect 
mav he earned out at a later date without great danger to the Mahvl- 
itv of the graft, until one is cntireU satisfied with the end result 
However, if one endeavors to thin out subcutaneous tissue too much 
at the time the graft is transferred from the ann to its recipient site, 
there is an increased danger <if necrosis of a portion of the flap In 
two of the cases which were presented it was necessarv to make sev- 
eral secondary revisions of the graft to obtain the desired result 
In the use of cheiiiotherapcuttc ageutSt penicillin is desirable while 
the pedicle is being transferred and after the flap has been cntirclv 
sutured down on the recipient bed A \crv trivial infection ma\ seri- 
ously impair the healing and the ultimate cosmetic result, and since 
penicillin has become generalU available, its use is warranted as an 
additional safeguard 

For the type of ‘delaved flip which is prepared b\ preliminirv 
incisions that are allowed to heal the length of the flap elevated at 
any one time should be about twice the width There is a margin of 
safety of about 25 per cent or more to this general rule This is prob- 
ably the safest rule to follow for the flaps that depend on the distal 
attachment for blood supply, although the flaps that have theic blood 
supply from the proximal end probabU can be made somewhat longer 
m proportion to width 

A cardboard pattern of the defect for which the pedicle graft is 
planned is of considerable assistance to the surgeon The pattern may 
be placed on the arm and an attempt made to elevate it to the defect 
This helps him to decide whether the proximal or distal attachment 
should be severed and elevated up to the defect, and also aids in deter- 
mining the most desirable location for the flap from the arm so that 
the preliminary incisions can be correcdv placed to giv e the best re- 
sults This was used in the cases presented 
The arm flap for reconstructions about the face has a field of use- 
fulness in selected cases The chief disadvantage is the color match- 
ing For women this is not much of a disadvantage, as cosmetics and 
‘covermark’ can usually suffice The pennanent pigment injection 



n 


HILGER PERRY JENKINS 


described by Hance, Brown, Byars and McDowell* appears to offer a 
satisfactory method of color matching which would be especially 
suited for men 

In addition to free grafts® there are several other grafts that may be 
used for work about the face, such as the forehead flap, the scalp flap, 
sliding flaps from the neck and tubed pedicles from the neck The 
procedure for any one case should be worked out as an individual 
problem The cases presented were selected to illustrate some of the 
uses of the arm flap which were found to be satisfactory for these 
particular problems 
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THE REPAIR OF SKULL DEFECTS WITH SPECIAL 
REFERENCE TO THE USE OF TANTALUM 

Harold C Voris, M D , Ph D , T A C S * 

INTRODUCTION 

Cramoplasty has a long histor> Although the literature on the re 
air of cranial defects extends back to 1600, success must have been 
xtremely rare before the dc\ clopment of aseptic surgcr> Bone grafts 
rom other species and i wide tarietj of metals as well as other alio 
ilastic substances have been used at various times Woolf and Walker 
lave currently reviewed the subject thoroughly and the reader is re 
erred to their excellent paper 

The writers experience with cranioplasty over the past decade in 
ludes the recent period of renewed interest in the use of alloplastic 
Tiaterials for the repair of skull defects When Grant and Norcross 
kvrote their excellent paper in 1939 that presented eighty-three cases, 
hey condemned the use of alloplastic materials of all types They 
idvocated the use of periosteal outer table grafts for defects smaller 
chan 6 by 6 cm , and for larger defects they advocated spht-nb grafts 
This authoritative paper seemed to be the final word on the subject 
but interest in alloplastic grafts was soon to be revived with reports 
from the orthopedic field on the newer alloys and metals 
Geib m 1941 reported the use of vitallium m the repair of skull 
defects, and other reports by Beck, Peyton and Hall, and Lipscomb 
and Groves soon appeared However, this alloy while apparently inert 
in the tissues had to be cast to fit the defect 
Tantalum was meanwhile being investigated by Pudenz and Odom 
for ICS effect on the brain and meninges and they reported minimal 
connective tissue or glial response Since it is malleable and ductile its 
advantages for cranioplasty were apparent Fulcher was apparently the 
first to use tantalum for the repaur of a skull defect m a clinical case 
He carried this out on November 24, 1941, on a submarine fireman 
The entrance of this country into the war shortly after that made the 
repair of cranial defects an important subject The attitude of the 
medical departments of the armed forces was uniform and dictated 
that all but the smallest defects be repaired as a matter of routine In 
both services tantalum was given preference and the tantalum available 
for surgical use was earmarked for the use of the armed forces How- 

trom Loyola University Mercy Hospital Qinics and the Cook County Hos 
pital Chicago 

* Clinical Professor of Surgery (Neurological) Loyola Univ ersity School of 
Medicine Senior Surgeon (Neurological), Mercy Hospital 
33 


34 


HAROLD C \ORI5 


e\er, greatly increased production has since made ic generally avail- 
able 

INDICATIONS FOR CRANIOPLASTY 

In \ lew of the general accord in the literature on the indications for 
the repair of cranial defects and the general anxietj on the part of the 
la> man about them, it is surprising that so man> patients in the past 
have been allowed to keep unrepaired defects However, knowledge 
of the technical difficulties and of the numerous failures m the past 
has usually deterred all but the neurologic surgeon from other than 
sporadic attempts at these repairs The neurologic surgeon with his 
wide experience with therapeutic decompressions is often subcon- 
sciously, if not consciouslj, contemptuous of the fear of the patient 
or his relatives about a skull defect and therefore inclined to discour- 
age the procedure unless the patient insists upon it 

The important reasons for repair of a skull defect include local pain 
or tenderness about the defect the s>ndromc of the trephined, un 
sightliness of the defect, undue pulsation or pain, protection from 
trauma, military or economic reasons, an\ict> of the patient or ps> cho 
genic states and epilepsy (Grant and Norcross, Mayfield and Levitch, 
Woolf and Walker) 

Local Pam and Tendeniess— On occasion the scalp about the mar- 
gin of a skull defect is very tender This ma> be so severe at times as 
to render the slightest pressure or manipulation \cr> painful It may 
be seen with either protrusion of the intracranial contents or depres 
Sion of the scalp over the defect It is frequently associated with the 
small (1 cm) operative defects that arc made for the purpose of 
ventnculograph) It is apparenti) a neuritis of the cutaneous nerves 
of the scalp and may be related to the scar m the scalp or to stretch 
mg of the scalp over the defect Its presence in a marked degree con- 
stitutes an indication for cranioplasty 

Syiidrovie of the Trephmed —This includes the complaints of head- 
ache and dizziness, especialU with sudden posture changes Easy fatigue, 
irritability and lack of ability to concentrate may be associated with 
this Subjective dizziness with postural change is usually seen for a few 
weeks after a cranial injury or operation and the w hole sj ndrome is not 
uncommon after cases of head trauma where it is often labeled the post- 
traumatic syndrome It is thought to be due to a temporary mstabilitj 
m the cerebral vascular alterations normallj associated with postural 
change of the head In the presence of a cranial defect these symptoms 
may be aggravated and their persistence facilitated In the author’s ex- 
perience It IS not as common is the literature w ould lead one to believ e 
Since the sjmdromc is in part at least ps)chogenic, repair of the skull 
defect may not cure the patient However, perhaps for psychogenic 
reasons, it usuall) alleviates the symptoms if it does not entirely clear 
them up 
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Uimdibthncsi of the Defect —Cosmetic reasons arc a frequent indi 
cation for cnmoplasn All frontal defects liclou the hurlinc fall m 
tins categorv ns do nian\ defects within the Inirlmc jn males A large 
sVull defect cm he conceded sitisfattonU h) the hair onh in woman 
The same justification can he adtanced for cranioplast\ for cosmetic 
reasons as for an\ other t\pe of cosmetic surgers lAtcnswe scarring 
of the forehead or loss of the supraorbital ridge ma\ complicate the 
procedure Tn the fonner case the cooperation of a plastic surgeon is 
desirable 

Undue Pulsation or Pti//— Unusuallj marked pulsation of a cranial 
defect not onl\ ma\ contribute to the patient s discomfort but also 
to the unsightliness of the defect It is more likcls to occur in large 
chan m small defects Pulsations of the intracranial contents is a path 
ological phenomenon onh seen in the presence of a skull defect Card 
ner has recentl> emphasized this and discussed its possible implications 
particularU with reference ro the development of cpdepsv He con 
siders anj pulsating defect dclcrcnous and an indication for repair of 
the defect Tlavs opinion has not been genccalK accepted but perhaps 
deserves further consideration 

Military or Econouiic — Mihtar) reasons have and are die 

rating the repair of large nunibcrs of cranial defects Armv regulations 
(Woolf and Walker) state that a soldier cannot be sent back to activ e 
dut\ with a skull defect larger than 2 cm In enthan life m normal 
times man> emplovers refused to accept a man for cmplo>menc who 
exhibited a skull defect In manv cases repair of a skull defect is as 
necessarv for economic rehabilitation of a patient as repair of an 
inguinal hernia 

Anxiety or Psychogenic Snf rs —The average lav man and man> 
phvsicians ascribe undue significance to a skull defect Consequenth 
manv patients are so concerned about their skull defect that the> 
develop marked anxietv with grcit concern about any subjective 
s\mptoms referable to the defect Patients with unstable or inadequate 
personalities mav develop a severe psv choneurosis which ma\ be 
cured or greatlv improved bv cranioplastv Some psv choneurotic m 
dividuals with marked functional disturbances following cerebral 
trauma with an associated skull defect mav be benefited b\ repair of 
the defect However unless care is exercised m the selection of these 
cases disappointment m the results mav occur 

Epilepsy —This has been stated bv various authors to be an mdica 
fion for repair of a skull defect It is highlv improbable that plastic 
repair of a skull defect alone permanentlv helps a case of post 
traumatic epdepsv Patients xvho have epilepsy and on whom repair of 
a skull defect is indicated for one of the foregoing reasons should be 
carefullv evaluated for indications for the surgical removal of a pos 
sible epileptogenic lesion (Vons) If such a procedure is indicated it 
should be combined with the cranioplasty Conversely, the patient 
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wch epilepsy and a skuH defect on athom a surgical attacL on an 
epileptogenic lesion is earned out, should have a simultaneous repair 
of his skull defect However, epilepsy alone is an insufficient indica 
tion for repair of a skull defect 

contraindicatjons to cranioplasty 

Grant and Korcross and Woolf and Walker have listed various 
contraindicatiom 

Infection or Contsnmnauon of the Wound —This is the most impor 
cant contratndicatfon Success with any of the vanoiis technics of 
cranioplasty cannot be expected in contaminated or infected wounds 
rormcrlv there was general agreement that cranioplasty should not be 
carried out m fresh compound wounds and that if infection followed 
the original wound or operation it should be postponed until several 
months after the wound had completely healed The recent detelop 
ments in chemorherapj and the fact that tantalum in itself shous 
little or no tissue reaction undoubtedly makes it possible to reduce 
this period of \saiting from several months to a few weeks Unfor- 
cunateJy, perhaps due to a laudable desire to return soldiers to active 
duty as soon as possible certain neurologic surgeons, especially m the 
armed forces, have advocated and earned out the placement of tantalum 
places in contaminated compound or even grossly infected wounds 
Some successes have undoubtedly occurred but there is great risk of 
failure The writer has personal knowledge of several unreported 
cases in which fanalum plates have been removed because of per- 
sistent sinuses or of failure of the wound to heal Undoubtedly many 
other such cases have and w ill occur The advantage of chemotherapy 
and of noncytocovic metals should nor entice the sorgeon into disre- 
gard of fundamental surgical principles Craniophsty has no place in 
the immediate surgical management of compound wounds of the head 
or of infected w ounds It should be postponed for at least a few w eek; 
after complete w ound healing has taken place and all external evidence 
of tissue reaction has disappeared 

Cerebrospind Fluid Abnomtabtfes —Pathogenic changes in the cere- 
brospinal fluid such as increased pressure, increased cell count or total 
protein, point to residua! inflammation such as abscess or to the pres 
ence of some other space-occupying lesion Obvjouslj increase in 
intracramai pressure as evidencal by bulging of the scalp over the 
defect or fay papilledema js a coniramdicatzon to cranioplasty 

Foreign bodies retained within the cranial cavity have generall) 
been considered a contraindication to cranioplasty Small metallic 
foreign bodies that hav e been present for some time with no evidence 
of abscess or meningitis would not seem to contraindicate the repair 
of a cranial defect However, cither diagnostic air studies or observa 
tion ov cr several months should role out the possibilit) of an abscess 
before cranioplasty is indicated 
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Neurologic Disahiltty ~Sc\ctc neurologic disibiliC), such as hciiu 
plegia, ob\iously is a contraindication to cranioplasty The object of 
a plastic procedure is to restore an indmdual to normal If severe dis 
ability IS present, restoration to normal is obtiously impossible and 
there is no reason for cranioplasty 

TECHNIC OF CRANIOPLASTY 

There is a Mide choice of maternls for cranioplasty Bone from ad 
jacent areas of the patient’s skull may be used or bone or cartilage 
may be obtained from other portions of his bod} (autogenous grafts) 
Material from another human being (homogenous grafts), from other 
species of animals (heterogenous), or \arious metals or organic or in- 
organic materials (alloplastic grafts) may be used The author’s expe- 
nence has been entirely Mith autogenous or alloplastic grafts 

Periosteal Outer Table Orafts — The original Mueller-Koenig method 
of flap transposition has been Midely modified and improved Some 
modification of it has been in the past the most widely used and satis- 
factory method of cranioplasty Its adtantages are that no operatue 
procedure is necessary on other pans of the patient’s body and that 
there is a very high percentage of success The disadvantages are that 
It IS unsatisfactory for large defects especially m tlie frontal region 
because of its lack of rigidity Further, m large defects very extensive 
scalp incisions are necessary as not only must the bony defect be 
adequately exposed but also an equally large donor area of adjacent 
skull Defects involving the supraorbital ndge cannot be satisfactonly 
repaired by this method It remained however, as Grant and Norcross 
emphasized, the most satisfactory method of cranioplasty until the 
recent development of the newer noncytotoxic metals 
In this method a scalp flap of sufficient size to expose the skull de 
feet and an equal donor area is reflected The periosteum is incised 
along the edge of the defect and removed from its margin which 
should be freshened with rongeurs Next an exact pattern of the defect 
is cut from sterile x ray film The pattern is then laid on the donor 
area and the periosteum is incised along a line parallel to the pattern, 
but about S mm outside of it The periosteum is then elevated for 
5 mm around the entire graft and then the outer table is elevated 
with a chisel, making this portion of the graft the same size as the 
original pattern Care should be taken not to separate the periosteum 
from the outer table If the graft is large it may not be possible to 
elevate it in one piece However, with care this can usually be done 
In any case the graft, after elevation, should comprise one or more 
pieces of outer table attached to the overlying periosteum which ex- 
tends for 5 mm beyond the margin of the bone graft When the 
donor area extends into the temporal region, care is necessary to pre- 
vent elevation of the entire thickness of the skull with consequent 
production of a new defect 
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Fig 37 (Case I) -Postoperame defect in temporal region Lateral view 



Fig 3S (Case I) -Postoperatne defect in temporal region after repair with pen 
osteal outer tabic graft Lateral view 

The graft is put into position over the defect and fixed by multiple 
silk sutures through the periosteum of the graft and that of the skull 
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The scalp Mound is closed without draimoc Hcniostisis of the bone 
m the donor area can be accomplished b\ the use of bone wav If 
blood or serum collects beneath the scalp postoperam cl> it may he 
removed b\ nspiratjon 

Case I-C M, a 37 old white man had been operated on eighteen 
months before for middle meningeal hemorrhace and had a large l)on> defect 
in the left temporal region (Fig 37) He complained of constant left temporal 
pain with local tenderness about the edges of the defect and he would not re 
turn to his work as a telephone Imennn Tlic operative area bulged sbghtl) when 
he laid down but was excessively depressed when he was erect hen finally op 
erative repair of the defect was suggested he accepted it at once The original 
vertical incision m the temporal region was curved forward so as to expose a 
donor area on the left frontal bone Tlic operative defect was found to measure 
6 by cm after its edges were freshened with rongeurs The technic described 
above was followed cxaaly except that the inferior part of the graft was anchored 
in the bony defect by suturing its edges to the adjacent temporal muscle instead 
of to the periosteum 

Convalescence was uneventful Figure 38 shows the result from a roentgeno 
graphic standpoint Tlic patients local pain and tenderness were relieved and 
there was no longer any effect of postural change on the operative site He re 
turned to work two and one half months after operation although he continued 
to complain of paresthesias m the left cheek 

Coimnent ^\3S a satisfacton result Although the defect ^\as 
fairi> large ic was so situated that exposure of n donor area was not 
difficult Since the graft was laigcU covered bv temporal muscle nn\ 
possible lack of rigidit) was not noted 

Cass II— L \l a 25 year old man received a severe compound head injury 
m the ngbt temporal region sixteen months before TlKrc was a horizontal 18 
cm scar about 5 cm above the ear extending from above the right eye to the 
occipital region \ rays showed a large bony defect above this which extended 
anterior to the hairline and up across the midline There were two detached frag 
ments of bone No evidence of osteomyelitis was seen The patient wished the 
defect repaired for cosmetic reasons 

A very large scalp flap was reflected with its base m the left panctal region 
The anterior limb of the incision parcllcled the anterior margin of the defect its 
convexity included the anterior part of the onginal laceration and the posterior 
limb extended back across the vertex to the left side The two loose fragments of 
bone were anchored into place on the left side of the defect with silk sutures 
passed through gimlet holes in the bone edges Then a patterned periosteal outer 
table graft was cut from the nght superior parietal region There was some diffi 
culty because of the large size of the graft but a satisfactory graft was finally ob 
tamed and anchored in the defect in the usual way 

The pauent made a good convalescence and left the hospital eight days later 
returning to work a month after the operation However he has been dissatisfied 
with the results of the graft Its lad of rigidity allowed it to sink in somewhat, 
especially in the anterior part of the defect antenor to the hairline 

Co?wnent —'this waA not a suitable case for a periosteal outer table 
graft It was earned out before the writer began to use alloplastic 
grafts but the use of split rib grafts would have been much more satis- 
factory for a defect of this size, especially one that extended below the 
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hairline This patient has since been offered repair with a tantalum 
plate but to date has not accepted this 

Rib Grafts (Autogenous Grafts)— Bone from a variety of other 
sources such as nb, tibn, ilium, scapula and sternum has been used by 
surgeons to repair cranial defects (Woolf and Walker) Many have 
used nb grafts The curve of the nb readily adapts it to the contour 
of the skull and by splitting the nb additional graft material is ob 
tamed Only m extremely large defects xvould more than two seg- 
ments of rib before splitting be necessary Many’ authors have used 
nb cartilage for repair of dvuH defects It presents no adtantage over 
nb except in the repair of supraorbital ridge Here the fact that it can 
be carved with a knife makes it possible to sculpture it readily to the 
desired contour 

When this method is used two operating teams, one to obtain the 
grafr, rhe other to repair the defect, are helpful If the uork is to be 
done by one team, the graft should be obtained first The defect 
should be carefully measured before the operation Any nb may be 
taken but the writer prefers the right seventh, or seventh and 
eighth An incision is made over the seventh nb beginning at the 
anterior axillary line and extending posteriorly for the desired length 
A segment is resected subpenosteally beginning at the costochondral 
junction and extending posteriorly as far as desu-ed If two segments 
of nb are necessary, they may, if not too long, be obtained from the 
seventh nb or by retraction the eighth nb can be exposed and a 
suitable segment obtained from that If the defect involves the supra 
orbital ridge and cartilage is desned, the skin incision can be extended 
anteriorly to expose the nb cartilage which can then be obtained in 
the desired amount The grafts are then laid aside in sterile gauze 
moistened with normal saline solution and the incision is closed 

Now the operators change gowns and gloves and the cranial field 
is prepared and properly draped Adequate exposure of the defect is 
of course necessary Usually the previous scalp incision or wound is 
used, enlarging it as may be necessary for adequate exposure The 
defect is prepared as for a periosteal outer table graft If the nb graft 
or grafts require splitting, this is done with a chisel or saw and then 
they are trimmed to fit into the defect They must be anchored with 
silk or wire sutures passed through dnll holes in their edges and the 
adjoining bone edge The scalp is then closed without drainage 

This method is much supenor to the periosteal outer table graft 
for large defects and for defects involving the supraorbital ridge 
Seldom do the patients complain after operation about their chests In 
the frontal region the slight irrcgubnty of the graft due to the small 
depressions between the pieces may be noticeable Above the hairline 
this IS of course not important The principal disadvantage of the 
method is the necessity for an operative procedure on the chest wall 
This lengthens the operation considerably unless mo operating reams 
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are used If the paaent is obese, obtaining the graft is more than usu- 
3ll> difficult In manj respects nb grafts appear superior to grafts 
from other bones The remo\al of large grafts from the tibia or ihum 
may senousl> weaken these bones and the patient ma\ complain of 
discomfort m the donor area for a long time afrei^'ard 

Case III -A M, a 4’ >«r old colored \ioman had a left supcnor panctal os 
teopUsttc cramotomj with removal of the bone }e3rs before (Fig 39) She 
complained birterl> of pain and paresthesias in the operatise region and had a 
great fear of being struck on her soft spot” Because of this often reiterated fear 
and the persistence of the local tenderness pain and paresthesias in the operative 
region she s\ as offered plastic repair of the defect 



Fig 39 (Case III) — Postoperame panctal skull defect. Lateral \ieu 


The initial stage si-as earned out with the paaent m the prone posiuon An 
incision SV3S made over the right seventh nb postenorl> The smh and seventh 
nbs were exposed by retracnon and an 8 cm segment of each was resected sub 
penosteally This was somesshat dilKcult because of the marked obcsit> of the 
paaent The wound was closed and the paaent placed on her back The former 
scalp flap was reflected m the left postenor parietal region The defect svas et 
posed and its edges freshened with rongeurs The two segments of nb were split 
longitudinally and the resultant four stnps of bone were trimmed to fit % erncil> 
into the defect side by side The) were anchored \nth silk sutures passed through 
drill holes m their ends and the bone edg^ The scalp was dien closed without 
dramage Recovery was prompt The coUecaon of fluid beneath the scalp neces- 
sitated aspiration on two occasions but the wound healed b) pnmar) intenaon 
Figure 40 shows an x ray taken before dismissal from the hospital The paaent 
was well pleased with the result and no longer complained of an> discomfort in 
the operauve region 

Fifteen months later another roentgenogram revealed almost complete absorp- 
aon of the nb segments. However the region of the former defect was Arm and 
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solid to pnlpation The absorption of autogenous bone grafts from other sources 
than the skull itself has been reported by Gunljtan and others However such 
absorption when it occurs does not came an unstttsfactor> result As the graft ab 
sorbs It IS replaced by a plate of firm fibrous tissue which is entirely satisfactory 
to both patient and surgeon 

Conmient —This \v as an entirely satisfactory result The defect 
though large was cntireK within the hairline and was adequately 
coyered by the patients hair Hoyyeyer, the patient’s fear and her 


Fig 40 (Case III) —Postoperative parietal skull defect after repair yvith split rib 
grafts Lateral view 

subjectise complaints necessitated its repair The rib grafts yycre a 
little difficult to obtain because of the patient’s obesity but were the 
best ayailable means of repairing this defect at that time 

CvsE IV — F O an 18 y ear old boy suffered a severe bead injury yvith a com 
pound depressed fracture of the right frontal bone two years before Five months 
\ateT ano^cr rieoTtAopic surgeon bad reinoyed aTnc depressed boTit ftagmerrts TVit 
patients only complaint yvas of the cosmetic defect and he requested repair for 
that reason His defect included pan of the nghl supraorbital ndge and extended 



nb and rib cartilage graft was used Operation was earned out on May 17, 1944 
Tlie initial step was removal of a 10 cm segment of the right sixth nb and its 
'■artilage After the chest wound had been closed the former scalp incision vvas 
reopened and the bony defect exposed This defect vvas triangular in shape ex 
tending upward and backward for about 8 cm with its base including about 5 
cm of the supraorbital ndge After the usual exposure and freshening of the bone 
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Fig 41 (Case I\') —Post traumatic skull defect Lateral view 



Fig 4’ (Case IV) —Post traumatic skull defect one >car after repair s'lth split 
rib graft I ateral % icw 

edges a piece of rib and nb cartilage teas fitted into the base of the defect, re 
constructing the supraorbital ridge as accuratel> as possible The remainder of 
the defect was filled in with two smaller pieces of rib These pieces were placed 


44 


HAROLD C. VORIS 


verticaUy with iheir ends against the horaonal piece that formed the new supra 
orbital ridge The grafts were anchored ly sutures passed through holes 
dtiUed 15 them and in the adtacent bone edges. They were aiso tied to each 
other by sumlat sutures. The medial part of die defect inToIved the frontal sinus 
The scalp was closed without drainage Conralescence was uneventful and the 
patient left the hospital eight days later. 

The patient has been satished with the cosmetic rsuulr although the scar is 


Cdtwtwnf.— This result was fatrly satisfactory. The irregularity of 
rib grafts makes an imperfect cosmeoc result in defects below the 
hairlme Hotvever, a very satis/acfor> reconstruction of the supra- 



fig 4t (Case V’') .-Partially decalcified autogenous boiled bone graft four months 
after placement. Antetoposwnor view. 

orbital ridge was achieved and the patient was weJl sarisfied tvitb the 
result. This defect co\sld t\ct have been sattsfactoedy repaired with a 
periosteal outer table graft because of its size and of the involvement 
of the supraorbital ridge. 

Boiled Bone Grafts (Aufogenous or Homogenous).— Several authors, 
including Pankradev, Naffzigcr and Gurdjian, have reported the use 
of bailed bone, either obtained af aotop^ or from the patient's own 
skull, for the repair of skull defects. Such grafts while technically 
homogenous or autogenous are m reality foreign bodies. Gurdjnn 
reported the absorption of the graft in such cases and the wnter's 
experience substantiates this Thdr greatest use is in those cases of 
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invasion of bone by tumor Here boiling of the imolvcd bone and 
replacement of it at the primary operation obviates its sacrifice with 
a resultant skull defect Such a procedure requires less time than the 
fashioning and fitting of a tantalum plate and is perfectly satisfactory 
from a cosmetic standpoint The graft will be slowly absorbed but 
will be replaced by a plate of firm fibrous tissue that will be equally 
satisfactory from a cosmetic standpoint 

Case V— G a 22 year old man, was operated on because of a midbne os 

teoma above the external occipital protuberance The tumor was exposed b> 
reflection of a horseshoe shaped scalp flap with its base posteriorly It was re 
moved en bloc by connccung several burr holes around its periphery with the 
Gigli saw Bleeding from the dura and the longitudinal sinus was controlled with 
several small pledgets of muscle obtained by an assistant from the patients thigh 
No evidence of invasion of the dura was seen The osteoma was chiseled and 
rongeured from the removed bone until a normal contour of outer and inner 
tables had been achieved The bone flap with its central part of tumor was boiled 
for twenty minutes and then replaced It was anchored with silk sutures (4) passed 
through dnll holes m the bone edges The scalp was then closed without drainage 

Convalescence wras uneventful except for the collection of fluid beneath the 
scalp necessitating several aspirations The patient left the hospital on the six 
teemh postoperative day An x ray four months later (Pig 4» showed extensive 
decalcificatjon of the graft The pauent was seen eight and one half years later 
He had no complaints The region of the graft was slightly depressed but firm 
and solid His only concern was his recent rejection for military service 

Comment —This was an entirely satisfactory result and illustrates 
the usefulness of this technic Even with the present availability of 
tantalum this seems the best method of immediate repair of a skull 
defect in such a situation. 

Case VI —A C a 22 year old man had been operated on four months before 
because of a compound skull fracture of the right posterior parietal region A 
single large loose fragment of bone was removed and preserved The patient re 
turned for repair of the skull defect about which he had expressed great concern 
Figure 44 shows the extent of the defect The scalp wound was reopened and the 
edges of the bony defect were exposed The previously removed piece of bone 
which had been preserved in alcohol was boiled for twenty minutes and then re 
placed It was anchored by sdk sutures (3) passed through drill holes m the bone 
edges The scalp was closed without drainage 

Convalescence was again uneventful The wound healed except for one point 
which drained persistently Figure 45 shows the roentgenographic appearance of 
the graft four and sixteen months respectively after its placement The drainage 
from the original sinus persisted and other sinus^ developed It was finally neces 
sary to remove the graft which was done eighteen months after it had been in 
serted The wound then promptly healed and has remained so The patient has 
since been offered a repair with a tantalnm plate but decided against any further 
surgery 

Comment —This was an ill advised procedure and was unsuccessful 
A boiled bone graft should never be used at a secondary procedure 
Its only place is in a primary procedure where it is desired to kill 
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Fig 4f (Case VI) —Autogenous boded bone gnft in a post traumatic defect six 
teen months after placement Chronic stound infection ptescnt Lateral tievt 

tumor celh that invade the bone and then replace the bone Under 
such circumstances it has been entire]) satisfactors m a number of 
the writer’s cases. 
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Alloplastic Grafts— As stated abo\c, periosteal outer table grafts are 
not suitable for large defects or those imolving the supnorbita! ridge 
Autogenous rib grafts ha\c the disad\ 'intigcs a!rcad\ referred to of 
jncreasing the extent of the openmc procedure and of not being cn 
tirelv satisfacton from a cosmetic standpoint ConsequcntI\ hen re 
ports began to appear regarding the noncMocoMcitj of \iralliuni x'c 
Mere fa\orabl\ impressed ami our first experience x\ith alloplasric 
crafts was w ith this allox 

Case \ II -G M a 38 > car oM male Negro lia i been operated on ten months 
before for ostcomjclius of the frontal l»onc There x\is a large midfmntal defect 
of the skull that measured about 10 b) 15 cm (fig 46) The patient desired re 
pair of this for cosmetic reasons Through the cooperation of the dcpjronent of 



Fig 46 (Case XII) — Posroperatn e frontal skull defect Lateral % icw 


oral surger> a plaster mold of the patient s defect Mas obtained This Mas furnished 
the Austenal laboratories Mho constructed a Mtallium plate to fit tic defect 
furnished M Ith flinges (4) Mith holes for countersunk sitalliuni scrcMS 

The former scalp incision was reopened and the edges of the bony defect ex 
posed The plate fitted the defect satisfactonlj except postenorl> uhere it Mas 
not cuned enough to conform accurate!) to the curvature of the skull It was 
bent somCMhat in its postenor part m o^er to attain this cunature It Mas at 
tached to the skull bj the four screws through the flanges The scalp was then 
carefull) closed Coni alesccncc was af, tin satisfactor> with the wound healing b> 
pnmar) intention Figure 47 shows a postoperam e roentgenogram 

—This xns in entirelx saasfacton repair Although exact 
conformation of the plate to rhe skull xxas not obtained there xxas no 
external exidencc of this lack of conformation This xxas our first ex- 
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perieiice with vitallium but it was so satisfactory that we continued to 
use It for the repair of large skull defects until April, 1944, when 
tantalum was first available to us. With increasing experience in con- 
struction of the molds of the defects we obtained plates of better 
contour with more accurate conformation of the plates to the skull. 
No difficulty noted with the plates after they had been inserted 
and wound healing was always prompt. However, the disadvantages 
of working with an alloy that had to be cast in advance of the opera- 
tion and the limitation of plates that could be molded little if at all at 
operation are obvious. 

Tantalum, because of the readiness with which it can be trimmed 
and molded, can easily be prepared at the operating table. Curved 



Fig 47 (Case VII).— Repair of postopenuve frontal skull defect with a vitalliuin 
plate Lateral view. 

wooden forms and a ball-peen type of hammer are useful. A rudimen- 
tary knowledge of working metal by hand and a little practice are all 
that IS necessary to achieve satisfactory results. In many skull defects 
that are the result of trauma, additional removal of bone with conse- 
quent enlargement of the defect may be necessary at operation. Pre- 
formed plates are not satisfactory m these cases. However, a number 
of surgeons (Hamberger, Whitcomb and Woodhall, Woolf and 
Walker, Mayfield and Levitch, Robertson and Woodhall and Spur- 
ling) have advised the preparation of preformed plates and have de- 
vised methods for this. 

Various methods of anchoring the plates are available. A ledge may 
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be cut m the outer table of the bony edge of the defect so tint the 
plate may be countersunk A small chisel as a dental chisel is most 
comenient for this The plate is of course trimmed to fit onto this 
ledge of bone rather than into the defect itself Tantalum aure sutures 
may be passed through drill holes in the plate thus vired m place 
Howe\er, these wire sutures may irntate the otcrlying scalp and even 
cause pressure necrosis A better method of anchoring the plate is to 
fix It avith small triangular wedges of tantalum dri\cn into the diploe 
after the fashion of a window glazier These are tapped into place 
using a small punch and a light mallet Until very recently tantalum 
screws have not been available but now that they are the use of these 
screw's should be satisfactorj 

Recently to save time I have not prepared a ledge entirel> around 
the bony defect but have chiseled off the outer table at several points 
to provide a ledge about 1 cm square Tlvc plate is then cut to fit the 
defect but with flanges corresponding to the ledges that have been 
cut One or two tantalum wedges are driven into the dipIoe over each 
flange thus fixing the plate Screws can also be readilv used to fasten 
the plate through drill holes m each flange 
The plate should be perforated unless it is placed over the denuded 
cerebral cortex The perforations permit the growth of soft tissues 
through them with consequent additional fixation of the plate and ob 
literation of the dead space between scalp and plate If the plate is 
not perforated fluid may accumulate pcrsistentl) betw een it and the 
scalp Bakody has reported one such case in which the persistent ac 
cumulation of fluid in spite of repeated aspirations necessitated the 
removal of the plate three months after its placement It was removed 
perforated and replaced in one stage The wound promptly healed and 
there was no further accumulation of fluid 

Case VIII— W AU a 15 year old boy had a large nght subtemporal dccom 
pressAoti V.K because of ■m epvdiaial hemonhage letatTitd ftn 

repair of his defect about hieh he and his family were greatly concerned His 
parents had not permitted him to return to school because of the presence of the 
defect (Fig 48) 

The former horseshoe shaped musculocutaneous flap in the riglit temporal re 
gion was reflected The edge of the bon> defect was exposed and then with a 
small chisel and mallet the outer table was cut back for about 3 mm to provide 
a ledge A tantalum plate 002 inch m thickness which had been previously per 
forated was hammered to a suitable contour and trimmed so as to fit the ledge 
prepared for it. It was fixed bj a number (9) of small wedges of tantalum driven 
into the diploe and hammered down onto Ae edge of the plate The scalp was 
then closed without drainage Contalescence was uneventful Figure 49 is a post 
operative roentgenogram TTie patient was seen and presented to a large clinic 
SIX months later He was working steadily and attending school at night 




Covmtent.—'VKvs was an entirely satisfactory result There u'as no 
postoperative accumulation of fluid, the wound healed promptly, and 
the cosmetic result was excellent. 
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C\SE IV -T S, 1 45 j car old white man, «as operated on sc^en months be 
fore for c\tensi\c osrcom> clitis of the frontal bone with production of a sVtill 
defect that measured 15 cm in both antcropostenor and trans\cnc diameters He 
returned for repair of this tremendous distigunnp defect The previous coronal 
incision was reopened md the scalp reflected The edges of the defect were ex 
posed and a ledge prepared b> chiseling olT 2 to J mm of outer table A standard 
size 6 bj 6 inch tantalum plate 0 02 inch thick was hammered to the proper con 
tour, ns corners trimmed off so as to allow ic to fit on the prepared ledge, and 
then a number (10) of lantaitim wedges were hamniercil into the dipJoe and bent 
o\cr the edge of the plate The plate was not perforated Tlic scalp was closed 
without drainage This was a long and tedious procedure and ticcause of opera 
me shock the patient was gixcn 1000 cc of blood during and after the operation 
The wound healed sitisfactoril) but accumulation of fluid between plate and 
skull necessitated a number of aspirations The patient left the hospital one month 
later (See Fig 493 ) 



Fig 49a (Case IV) —Repair of large frontoparietal sknill defect with tantalum plate 
Fixation With tantalum wedges Antcropostenor and lateral views 

Co7jwje7}t —This js the Jargeit defect the wxjrer has c\er repaired 
The use of flanges on the plate with corresponding small ledges on 
the skull would have reduced the operating time considerably Al- 
though the defect was large, involving almost all of the frontal and 
part of the parietal bones, a satisfactor> cosmetic result was obtained 
without the use of a preformed plate Omission of the perforations 
was a serious mistake and led to the persistent accumulation of fluid 
between scalp and plate rortonatch after n number of aspirations the 
fluid ceased to accumulate 

Casf V — M H a 20 jear old Negro male had been operated on three months 
before for a compound skull fracture of the frontal bone that involved both fron 
sinuse*' T he patient returned for repair of the defect in the midfrontal region 
le previous scalp laceration was reopened and the edges of the bone defect ex- 
posed A perforated tantalum plate was hanimered to the proper contour and then 
cut to fir the defect viith three small (R b> iQ mm ) flanges Small ledges corre 
spondmg to these flanges were cut in the bonC edge bj removing the outer table 
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and anchored by driving small tantalum wedges into the diploe and bending them 
over the flanges The scalp was closed in the usual way. Convalescence was again 
uneventful and the cosmeuc result satisfactory (Fig 50). 

Conmient.—'Thh was the first plate in which only seats for flanges 
were cut in the outer table. This significantly shortens the operating 
time especially with large plates where cutting the ledge for the plate 
IS a long and tedious process. Now that tantalum screws are available 
it IS a simple matter to drill a hole m each flange and then screw it 
into the diploe and inner table. In the past we have usually removed 
the outer table entirely when cutnng a ledge for the plate or seats for 



Fig 50 (Case X) -Repair of frontal defect with small tantalum plate Fixation 
with flanges and tantalum wedges Anteropostenor view. 

the flanges. Unless the dtploe were exposed, tapping the wedges into 
the bone was very difficult if not impossible. When screws are used it 
is Unnecessary to remove more than a thickness of outer table cor- 
responding to the thickness of the plate (0.015 to 0.02 inches). Indeed 
countersinking is probably not necessary at all when using screws. 

REPAIR OF SMALL DEFECTS 

Tantalum has recent!}' been used for repair of small skull defects 
such as burr holes Boldrey has currently used stainless steel wire-mesh 
for this purpose. In the usual transfrontal craniotomy the anterior 
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burr hole is well below the hairline just above the frontal sinus and 
}usc to one side of the midline. Unle^ this is repaired an unsightly 
depression results. Until recently we had always followed Adson’s sug- 
gestion and had filled this burr hole vith some bone dust, saved when 
the burr holes for the bone flap were made. This was wrapped in a 
small piece of Cargyle membrane and plugged into the burr hole after 
the hone flap was replaced. A flap of periosteum was then sutured 
over it. 'I his was not always satisfactory. On a few occasions the bone 
(hist and Cargyle tnembrane seemed to produce irritation and a drain- 
ing sinus developed in the scalp incision and persisted for a time. The 



Fig 51.-Repair of frontal burr hoI«‘ of an osteoplastic craniotomy with a small 
button of tantalum Anteroposterior view. 

end result from a cosmetic standpoint was not satisfactory in these 
cases. In some other cases absorption of the bone dust gradually left 
a visible depression. 

Recently we have used a small button of tantalum cut to fit the burr 
hole and with one or two small flanges. Small seats for the flanges are 
cut in the outer table. The tiny plate is anchored in the usual way 
^yith tantalum wedges. Figure 51 is a roentgenogram taken after opera- 
tion in such a case. No attempt has been made to repair the other 
burr holes which are wdthin the hair line and of no cosmetic impor- 
tance. 

CONCLUSIONS 

The repair of skull defects is indicated in a great many cases. It is, 
however, an elective procedure and in some cases is contraindicated. 
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Tc should not be undertaken in compound or contamimtcd wounds 
but only some time after such wounds are completely healed and when 
there is no e\ idence of intracranial infection 
The available choice of matcml is a wide one but practically can 
be narrowed down to autogenous grafts or to the newer noncvtotoxic 
alloplastic materials Tantalum is quite satisfactory for the repair of 
skull defects of various sizes It is malleable and can be formed to fit 
most defects at the operating table It is strong and can thus lie used 
m very thin plates Although no long time obsenations are acailable 
jC appears to be noncytotoxic and entirely inert m the tissues Conse 
qucntly there will be no difficulty with wound healing, provided of 
course that surgical principles arc not violated by introducing it in 
the presence of gross infection or chronic tissue inflammation It is 
radiopaque so that, as Woolf and Walker point out, large plates will 
interfere with subsequent roentgcnographic examinations Because of 
this these authors recommend the use of plastics, specificalK meth\ 1 
methacrylate However, this like vitallmm has to be preformed and 
cannot be molded or othervvise significantly altered at the operating 
table Tantalum possesses great advantages m this respect Even if the 
surgeon prefers to preform the tantalum plate it can still be altered 
at the operating table if necessary For this reason tantalum will prob 
ably be preferred to methyl methacrylate, at least until a malleable 
and ductile plastic with sufficient rigidity is discovered 
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THE TECHNIC OF LUMBAR SYMPATHECTOMY 


Geza de Takats, M D , M Surg , F A C S • 

From the early gropings of the middle nventies there developed a 
procedure for which indications have become clear and whose tech 
nique could be standardized Lumbar sympathectomy arose from nebu 
lous indications and among much controversy regarding its lasting 
effect on circulation Even the anatomic approach to the retropent 
oneal sympathetic ganglionated chain has varied from a transperitoneal 
to a retroperitoneal exposure, finally resulting m a simple anterolateral 
muscle splitting extraperitoneal approach which w ill be presently de 
scribed The credit for the development of this approach rests with 
surgeons on the est Coast, notably Livingston Pearl and Flothou 

PRELIMINARY CONSIDERATIONS 

Indications —Since the lumbar sympatheac chain is accessible to in 
filtration with procaine a paravertebral s>mpathecic block must pre 
cede any surgical removal of the ganglionated trunk (Fig 52) Dur 
mg the temporal^ block produced by the local anesthetic, one can 
test for the rise m skin tempenture of digits for the improvement m 
intermittent claudication and for the changes m venous filling time 
(Fig 53) It must be stated however, that this temporary effect is 
not the equivalent of the lasting effect of sympathectomy In some 
respects it does much more, m others much less for the state of blood 
flow m the extremity All one wishes to demonstrate with the pro 
came block is the capacity of the vascular bed to dilate when a cen 
tral or reflex vasoconstriction js abohshed, the late, permanent effects 
of sympathectomy are briefly the freedom of the vascular bed from 
constrictor impulses which come to it from central stimuli such as 
emotion reflexly after exposure to cold environment and from being 
m the sitting or standing position Most often ignored is the postural 
vasoconstriction which operates m all human beings m order that 
blood pressure is maintained in the erect position This is abolished in 
the sv mpathectomized extremity (Fig 54) 

Generally speaking, s> mpathcctomy puts the vascular bed at rest 
It stabilizes the blood flow in the extremity which shows surprising 
fluctuations in the nonsympathectomized limb 
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and the Fourth Surgical Service St Lukes Hospital Chicago 

•Assoaate Professor of Surgery, University of Illinois College of Medicine 
enior Attending Surgeon Sc Luke s Hospital Chicago 
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Fig. 52.— Lumbar sympathetic block. The patient is on his side, with the side 
of injection uppermost. Four wheals arc made 2 to 3 Hngerbreadths lateral to the 
upper border of the first four lumbar spinous processes. The wheals are made 
with a fine hypodermic needle, and a longer needle may be used to anesthetize 
the sensitive lumbodorsal fascia. Next, a 6-inch long 22 gauge needle is used and 
inserted perpendicular to the plane of the back. It should contact the transverse 
process at a varying depth. It is then withdrawn and redirected above or below 
the transverse process to meet the body of the vertebra at an angle of 25 to 30 
degrees. Since this first point of contact is not anterior enough to infiltrate the 
^nguonated trunk, a second w ithdrawa] and a second contact is made with the 
body of the vertebra; this time the needle is more closely parallel to the lateral 
surface of the body. Ten cubic centimeters of 1 per cent procaine solution is in- 
jected to each lumbar segment. In experienced hands, one deposit of 30 cubic 
cennmeters of the same solution may suffice to get a satisfactory block of the 
umbar sympathetics as evidenced by Jack of sweating and increase in skin tem- 
Military Surgical Afanuals, National Research Council, Vol. 5, 
" . B Saunders Company, Philadelphii and London, 1943.) 
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I Iff -The results ol paneenebral sympatheuc block m a patient suffering 
from Buerger s tlisease Graph on left shows the t«c m skin temperature of the 
4th and 5th toes to the normal vasodilatation level <51* C). The heel warms up 
equally well The 3d toe warmed up from 26* to 27 5* C The 1st and 2d toes 
did not ti arm up at all Such a pauent needs an amputauun of his 1st and 2d 
toes, the 3d tot will remain cold after s>mp4thectom>', but miy improve with 
time This same patient could walk 6S0 steps after s>mpatheiic block without 
getting pain in the calf, against 150 steps before the block This indicates that an- 
giospasm IS a factor in his claudication The venous filling time (venous fflhng 
on the dorsum of the foot after dO mm of mcrcurj pressure was inflated into a 
blood pressure cuff on the thigh) dropped from 50 to 20 seconds on the injected 
side, the change on the opposite side from 45 to 40 seconds is within die limits 
of error Lumbar s> mpathectom> with amputation of the first two toes resulted 
m an excellent anatomic and functional recovery (From de Takats, G Tlie 
Value of S>Tnpathcctom> in the Treatment of Buerger s Disease Surg , Gynec 
A Obst , 19 359, 1944 By permission of Surgery , Gynecology’ and Obstetrics ) 



Fig 54— Blood pressures registered with a double-cuff oscillometer at the 
right and left calves of Mrs L F, a 42 year old hypertensive patient after 
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A bnef tabulation of the indications is oliscncd on our ^ascuIlr 
surgical serMCc is shoun in the iccompinxing tiblc lor i detailed 
discussion of the indications for sjuipathectoniN in pcnphcnl \ istular 
disease, preaious publications from this dime nn) be consulted 


INDIUTIIOSS FOR lUMBCK S\M1 \lHlt 10M\ 


Diagnosis 

Congenital tascular anomalj 
Aneurjsms 

Exposure to cold frostbite immer 
Sion limb trench foot 

Causalgic states 

Posttraumatic x asospasm 

Ra>nauds phenomena 

Acrocj anosis 

Lnedo reticularis 

B lergers disease 

Arterial embolism 
Arteriosclerosis 


Indications 

In spoiitanci us arterial throniboses— pre 
htiiiiiar) to arterial ligatures 

Prcliminar) to excision of arterial or ar 
tenoxenous sics 

late stages exhibiting niarVcd x asospasm 
and h}|>crhidrosis Poorlj demarcating 
gangrenous patclics 

S>nipaihetic Idock pros ides relief but piiii 
relief is «nl> tcmporar> 

If repeated pirascrtcbral blocks fatl-bc 
Marc of psjchoncurotics 

I acl of sclerodictjlia rarcl} inloucrcx 
trcmirics 

Consersative treatment fails Test for cold 
agglutination 

For pain or ulceration cosmetic result 
doubtful 

Absence of acute inflammation or dis 
turbed clotting mechanism Good re 
sponsc to sjmpathctic block 

Postembolic ischemia or threatening ne 
crosis Ischemic neuritis of short duration 

Atheromatous occlusion of niaior path 
Ma>s No adianccd lesion in xisceral or 
gnns Goo 1 response tos> mpathetic block 


Anesthesia —While m former jears intratracheal ether anesthesia xvis 
occasionallj emplo>ed 1 have lately refused to operate under an\ 
form of anesthesia except spinal In an> group of panents there xtilJ 
be a small minority uho wish to be put to sleep and if there was no 
defimte contraindication to the use of a general anesthetic u e usualU 
acceded to the uishes of the patient The muscle splitting incision and 

sided lumbodorsal sympathectomy Lower curves were obtained m the horizon 
tai upper curs es m the erect position At the left calf there is a striking rise m 
peripheral resistance when the patient stands the blood pressure rose from 
180/80 to 2504-/140 This is the nonoperated side At the right calf (sympathec 
tomized) the height of the oscillations has greatly diminished the pressures are 
registered as being 185/85 In the erect position, the marked shift to left seen on 
the control side does not exist The stroke xolumes arc small the pressure can 
be read with some difficult) betxveen 190 and (^) diastolic Peripheral resistance m 
me erect position is so small that the diastolic decline of the pulse wave is in 
mstinct The curies indicate that the marked posiunl xasoconstnction has been 
significant!) dampened by sympathectomy 
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the stripping of the peritoneum however, require such absolute mus 
cular relaxation that general anesthesia cannot always be depended 
upon Furthermore patients requinng lumbar sympathectomy usuall\ 
suffer from vascular disease uhich may ha\e affected visceral organs 
notably the heart brain or kidney The strain on these organs is de 
cidcdly less under spinal anesthesia provided the maintenance of blond 
pressure is jealously guarded 

One should require from a spinal anesthetic for lumbar sympathec 
tomy that it reach to approximately the sixth dorsal segment that it 
provide a complete muscular relaxation and a sensory loss for about 
one hour While most lumbar sympathectomies may be unhurriedly 
performed between thirty and forty five m nutes a certain latitude is 
preferable for unforeseen difficulties 

The anesthetic of choice m our experience has been from 12 to 16 
mg of pontocaine m 10 per cent glucose solution The blood pressure 
is maintained with ephednne neosynephrm or paredrine The choice 
of this vasoconstrictor is left to the discretion of the physician anes 
ihetist who has taken a considerable burden off the surgeons shoiil 
ders by taking charge of this phase of the problem He may also em 
ploy oxygen inhalations for nausea pallor or dyspnea For the sur 
geon who has to work with nurse anesthetists it becomes necessary to 
have a report on the blood pressure as soon as it drops to 90 mm of 
mercury (systolic) and have neosynephrm administered in doses of 0 2 
to 0 3 cc into the muscle This may have to be repeated once or twice 
during the operation A prophylactic dose given simultaneously with 
the spinal anesthetic is highly recommended 

If hypertensive patients are being operated on the optimal level to 
be maintained is the preoperative pressure at rest in bed A drop of 
blood pressure from 180 to 100 mm of mercury is of course more 
objectionable than a drop from UO to 90 mm of mercury 

In most institutions the premedication is also in the hands of the 
department of anesthesia A barbiturate such as nembutal or seconal 
m doses of 1% grams (0 10 gm ) followed by morphine scopolamine 
m a ratio of 1 25 one hour before the operation is quite satisfactory 
In elderly patients with cerebrovascular sclerosis a barbiturate may be 
preferable to the narcotics which often confuse them 

The greatest objection to spinal anesthesia is a postoperative head 
ache which occurs in a small number of cases m spite of the precau 
tion to keep the patients head dowm for twenty four hours and have 
the bed in a Trendelenburg position Aminopyrme and benzedrine 
sulfate have been of some help 

Pos iion of fhc Patient —The patient is placed on his back with a 
large sandbag under the lumbar region the hip and knee are flexed 
and swung over to the opposite side A loose calico knot may be tied 
around the ankle and secured to the opposite side of the table to pre 
vent the lower extremity from slipping The purpose of this position 
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is to relax the anterior abdominal muscles and chiefly to relax the 
psoas muscle. If this muscle is in the tray and cannot be readily re- 
tracted, the exposure of the ganglionated trunk is greatly handicapped 
(Fig. 55). 




Fig. 5S.-1. The patient Is on his back mth a sandbag under the lumbar re* 
gion rotating his pelvis. Hip and knee are flexed to relax the psoas muscle which 
facilitates retraction. The incision extends from the midaxillary line at the costal 
margin along the course of the external oblique muscle and ends at the lateral 
border of the rectus muscle. 2. After skin towels are placed, the external oblique 
muscle IS cut in its lower tendinous portion followed by a blunt separation of 
the muscle fibers. The muscle is retracted with blunt retractors or automatic 
retractors.^ An incision is now made into the internal oblique, parallel with 
Its fibers, approximately 3 inches above the umbilicus, as close to the costal mar- 
gin as possible. 

THE OPERATIOH 


of incision is marked with a 2 per cent aqueous solution 
of brilliant green. It starts in the midaxillarj' line where this crosses 
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the costal margin and runs parallel with the course of the external ob 
lique muscle to the palpable edge of the rectus This is approximately 
at McBurnej’s point Obviously much depends on the anatomic build 
of the patient, on his nutrmonal state, and on his muscular develop- 
ment Some men may pride themselves on a short incision but gener- 
ally speaking the shorter the external incision the greater the internal 
struggle 

The skin and subcutaneous fat are divided with a clean sweep to 
the aponeurosis of the external oblique muscle Nothing is gained by 
undcrmimng the skin and the muscle should be divided in the direc- 
tion of the skin incision It is best to cut first the tendinous part of 
the muscle and then bluntly separate the belly of the muscle The 
external oblique muscle should be separated for the full length of the 
incision since it otherwise interferes with the separation of the deeper 
layers A pair of Farr retractors is convenient to keep the two flaps 
of the muscle well separated 

This retraction exposes the fibers of the internal oblique muscle, 
which is practically at right angles to the previous layer It is best to 
nick the fine but tenuous fascial covering with a scalpel and then 
bluntly separate the muscle with a Kocher dissector The muscle is 
then gently separated with the two index fingers Should a vessel tear 
during the separation, it is promptly ligated with No 60 cotton 
Ordinarily, however, the separation of the external and internal ob 
lique muscles can be done in avascuhr areas The internal oblique mus 
cle has to be separated as close to the costal margin as possible, about 
the level of the second lumbar vertebra approximately 3 inches above 
the umbilicus, since the higher the approach to the chain, the more 
readily can it be removed The two muscle flaps are retracted with 
short, stocky, blunt retractors so as to expose the transversalis muscle 
and the underlying fascia (Fig 56) For the first time nerve trunks 
with accompanying vessels become visible Two nerves are quite con- 
stant and represent the anterior rami of the low er thoracic nerves, the 
subcostal from the twelfth intercostal nerve and the iliohypogastric 
from the first lumbar segment arc most constant These nerves run 
between the internal oblique and the transversalis muscles They give 
off motor twigs to the anterior abdomiml muscles and lateral cuta- 
neous branches vv hich are sensory The splitting of the transversabs 
muscle must take place between these nerv es and one must av oid put- 
ting them on too much traction since paraly sis of the abdominal mus 
cles may result 

When the transversalis muscle and fascia have been bluntly' sepa 
rated, the preperitoneal fat comes into view The two index fingers 
make a wide sweep parallel to the longitudinal axis of the body, so 
that a large arc of the peritoneal fit with the underlying pent 
oncum becomes exposed It is unportint to stay close to the perito 
neum and not get lost in the parapentoneal fat which may' be heavy 
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and often tascular, also the dissection should proceed laterally, since 
the peritoneum mat tear close to the literal border of the rectus 
sheath. With the help of the linger or a stick-sponge this literal fit 




Fig 56— The interna! oblique muscle is retracted bringing the trans\ersalis 
muscle into \ie\v, together with the subcostal and iliohypogastric nerves, which 
should be protected The transversahs muscle and fascia are split along the direc- 
tion of their fibers which exposes the prepentoneal fat and a lateral fat pad By 
blunt dissection with the n\o index fingers a line of cleavage is estabhshed be- 
tween the peritoneal refiection apd the lateral fat pad The penroneal sac may 
now readil> be pulled mediall> over the psoas until the bodies of the vertebrae 
w ith the aorta or vena cav a are exposed 

pad IS pushed away so that the blunt stripping of the peritoneum stavs 
close to Its glistening white refiection Such a dissection x\iU lead 
straight down to the psoas muscle, whose sheath must be entered and 
dissected cephalad (upwards). 
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At this point four Deavcr retractors must be msened (Fig 57), 
one retractor holds the peritoneal sac medially The second retractor 
IS placed against the renal fascia and the costal arch, traction on this 
retractor is directed medially and upwards to expose the upper angle 
of the surgical field The third retractor is placed in the lower angle 
of the field and exerts traction caudad (downwards) The field is 



Fig 57 -Four Deaver retractors are used to expose the field The medial re 
tractor holds the pentoneum the ureter and its surrounding vascular plexus 
Cephalad the retractor lifts the perirenal fasaa and exposes the fascial margin of 
the diaphragm Caudad the retractor holds the iliac bifurcation and the contents 
below the sacral bend The lateral retractor holds the abdominal w'all with the 
paraperitoneal fat The gemtoferaoral nerve is protected from all pressure since 
retractor neuralgia is not uncommon The gangbonated trunk is sectioned well 
below Ls and above L 2 the course of the ranu is caudad at the third cephalad 
at the second ganglion The aorta (or vena cava on the right) and the psoas 
muscle arc best retracted with sponge sucks 

illuminated by a head lamp with a mirror reflector which lights up 
the area far better than lighted retractors do 
On the left, the medial retractor covers the ureter and may also 
retract the aorta, on the right the vena ca\a should not be included in 
the retraction, but allowed to be fully visible m the field A vigorous 
instrumental retraction of the vena cava may result in tearing off some 
of the lumbar tributaries and produce cumbersome if not dangerous 
bleeding 
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Neither the vena cava nor the psoas muscle should be retracted vvith 
instruments, onl) small stick sponges should be used The vena cava 
has to be pushed vv ell to the midlmc with a sponge resting on the v er- 
tebral bod> since the s>mpathetic chain lies well under the vein at the 
level of the sacral promontor} On the left the chain lies lateral to 
the aorta and is thus more readilj ex-posed 
For lateral retraction of the psoas muscle, again a small sponge on a 
long handle is the gentlest The muscle itself is not so vulnerable as 
the gemtofemoral nerve which runs almost parallel with its fibers A 
contusion or stretch of this nerv c is not uncommon if hcav-> retrac- 
tors are used and maj lead to long-lasting paresthesias in the femoral 
triangle and in the skin of the scrotum Occasionallv the lateral cuta- 
neous nerve of the thigh which appears at the lateral border of the 
psoas ma> be traumatized and can suffer because of unskilled traction 
The area then in which w e look for the ganglionated trunk is widely 
exposed Alediallj this area is bounded b) the aona or vena cava, 
these vessels maj often be covered bj excessive fat or Ivmph glands, 
but the chain is firml> bound to the vertebral bodies with a strong 
fascial dupbcation and should be looked for immediatel) over the 
bone It IS readily identified b> rolling it ov er one’s index finger m a 
transverse direction Laterally the psoas muscle presents itself The 
muscle should be relaxed bj the patient’s position on the table and 
not bulge into the field Caudad, the sacral promontor> w ith the aortic 
bifurcation is being felt and seen, whereas cephalad the lumbocostal 
arch limits the extent of dissection 
The segment of sympathetic trunk to be excised extends then from 
the level of the aortic bifurcation to the diaphragm The fourth lum 
bar sympathetic ganglion is at the bottom of the field It is enough to 
section the trunk just above it and its removal is not necessar)*^ The 
chain may now extend upward in the form of a sturdj trunk or of 
two or more fine strands until the third and second ganglia are seen 
The second gangbon can be identified b> the direction of the com 
municating rami, which come to it from above, whereas the third 
gangbon receives its rami from below There is a great deal of varia 
tion m the size and number of ganglia, but the object of the opera- 
tion IS to remov e the ganglionated trunk from the sacral promontor> 
to the lumbocostal arch This segment usuallv includes the third and 
second ganglia The first gangbon is hidden within the arches of the 
diaphragm and can hardlv be reached from this exposure 
The dissection of the chain begins at its lower end, where the upper 
end of the fourth gangbon is evident The ganglion is a grayish pink 
oval firm structure It is tough, unlike a lymphatic chain It has to be 
lifted out of Its tense sheath with a vigorous sweep of a Crile dissec- 
tor It IS then hooked up with the other end of this instrument, so 
vjsibl) on a stretch The distal end is clipped w ith a 
Cushmg clip and the proximal one lifted w ith a long curved forceps 
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The dissection is now carried cephnlad, bluntly, staying close to the 
trunk and its ganglia Lumbar veins, entering the \ ena cav a, may cross 
the chain in front or behind it If they are anterior to it they ma> 
hi\e to be cut between two Cushing clips although often the cham 
can be pulled through under them without any injury Should bleed 
ing occur from lumbar \ eins, or branches of lumbar arteries, the Cush 
mg clip on 1 10 inch earner is a most satisfactory way to control 
hemorrhage Small oozing ma\ be controlled by hot laps and pressure 
exerted for a few minutes Among several hundred lumbar sympathec- 
tomies, our service has not encountered any intractable hemorrhage 

When the chain is cut above the second lumbar ganglion complete 
hemostasis is secured the sponge count is requested, and then recon 
struction of the wound is begun The peritoneum readily falls back 
into place and the first sutures are placed in the transv ersalis muscle 
and fascia From three to four interrupted No 20 cotton sutures arc 
placed between the carefully protected anterior rami of the inter 
costal nerves Next the internal oblique muscle is approximated witl 
a few interrupted cotton sutures of the same strength Finally the ex 
temal oblique muscle and its aponeurotic part are closed with No 2' 
cotton sutures No sutures are placed into the subcutaneous fat, bu 
all bleeding points are carcfullv ligated with No 60 cotton suture 
rolled out from a ligature-ball which has been m use on our servio 
for twenty years The skm is united with interrupted black cottoi 
sutures Dry gauze is applied to the suture line held m place with ; 
‘mastisol glue * Three strips of elastic adhesive tape are used to keej 
mild pressure on the wound 

POSTOPERATIVE CARE 

The patient is not pennitted anything by mouth until the night o 
the operation, after which time he may have liquids Food pcrmittci 
as desired on the dav of the operation often leads to distention nause 
and vomiting He is given 2000 cc of 5 per cent glucose solution, on 
liter in normal salt solution and the second liter m distilled water Fo 
pain relief he receives grain (0 001 gm ) of morphine, for intes 
tmal and bladder atony, I cc of a I 2000 ampule of prostigmme i 
administered Both of these drugs are given every’ six hours for th' 
first two days Catheterization seldom becomes necessary, but shook 
be done every eight hours to prevent overdistention of the bladder 

The patient is kept in bed m a Trendelenburg position for the firs 
twenty four hours This is because of the postspinal headache whicl 
lias been infrcquentU seen since the use of fine spinal needles bu 
which still occurs in spite of all known prec unions On the day fol 
lowing operation the patient is cncounged to get out of bed and b< 
up as much as desired OnU in patients who have ulcerated or gan 
grenous toes or who have had minor amputations combined witl 
• Gum mastic 40 gm benzol 60 gm castor oil 20 drops benzol q s ad 100 cc 
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s\ nipathectonn is it neccssan to keep the patient from ambulation, 
e\en so the} nia} get out into a Mhcel clmr, Mithout an\ eight 
bearing on the affected limb 

A small enema is gi\en the third postoperatn e da\ If this is sue 
cessful the patient is placed on a general diet Increased colonic pens 
talsis irritable, spastic phenomena arc seen ^erv infrequentK, much 
more often after splanchnic ncr\ c section combined v ith lumbar s^ m 
pathcctom\ I roin our experience mth lumbar s\ mpathectomies for 
niegacolon x\e know that the elinimition of SMiipathctic inhibition 
leads to increased colonic contractions and a more rapid passage of 
fec-al material Ne\cnhelcss, clmicalK this parass mpathctic dominance 
on the bowel is unnoticed b\ most patients OccasionalK if the diet 
IS too rough in the first few da\s phcnobarbitil and belladonna ma\ 
become neccssara I haa e nc\ cr seen diarrhea or a s\ ndrome of chronic 
spastic' colon deaelop after bilateral lumbar s\ mpathcctoma 
Stitches are remoaed on the eighth da>, the patient max Icaae the 
same daa or haac the other side operated on 

EFFECTS OF LUMBAR SYMPATHECTOMY 
With the rcmoaal of the ganglionated trunk with its second and 
third lumbar ganglia the preffanglionsampathcfic outfloaa to the lower 
extrcmit) is interrupted The aesscls of the sa mpathcctomized region 
still respond with constriction to the direct effect of cold but the 
chilled extremita avarms up must faster than the nonoperated one The 
aesscls will not constrict or dilate on central or reflex stimuli, that is 
to saa, neither emotion nor a cold drink a cold draft on the neck, a 
painful pinch nor a deep breath will effect a aasoconstnction These 
are just a feaa of the stimuli aa hich cut dow n blood fioaa daj after daa 
Nor IS man the erect animal capable of constnctinEt the aascular bed 
aahen he stands This regulatora mechanism aahich operates for the 
purpose of maintaining blood pressure in the erect position is ehmi 
nated b} lumbar sa mpathcctoma and acam insures a more even blood 
flow 

This does not mean however, that patients who haac undergone 
bilateral lumbar sa mpathcctoma exhibit a fall in blood pressure when 
arising This is true of patients when splanchnic nerve section is added 
to bilateral lumbar sa mpathectom} m cases of h}pertension But even 
here this effect is transitorj and is clinicalla not noticeable after the 
first month or six weeks 

The patient then who has undergone a lumbar sympathectomj pos 
sesses a blood flow of an individual xahose normal vasomotor actiairv 
temperatures lower than 85* F His leg is in Florida 
while he works at a factora job m Chicago Furthermore his postunI 
vasoconstriction is abolished, he is up and around but his sympathec 
tomized leg has the blood flow of n man m bed in the horizontal posi 
tmn ‘ 
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The sympathectomized area does not s%veat Without the necessity 
of running special tests for sweating, palpation with the hand easily 
reveals the extent of denervation, for the average case, the sympathetic 
denervation of the second and third lumbar ganglia is perfectly sans 
factory, the anterior surface of the thigh is moist and there may be a 
moist strip on the lower leg corresponding to the saphenous nerve 
the branch of the femoral which receives sympathetic fibers from the 
first lumbar ganglion The posterior surface of the thigh is dry (Fig 
58 ) 


i - / 



Fig 58 —The shaded area represents the estcnt of sympatheuc denervauon after 
the excision of the second and third lumbar sympathetic ganglia The increased 
sLm resutance in this area was measured by Curt Richters dermometer (Bj 
courtesy of Captain Howard H Hamlin Mayo General Hospital Galesburg 
Illinois ) 

There has been much discussion regarding the male sex function 
after bilateral lumbar sympathectomy Most patients coming to opera 
tjon hate beard about Joss of bbido orgasm, or of sterility Many 
authors state that after the removal of the first lumbar ganglion m the 
male, the power of ejaculation is lost and specifically that spermatozoa 
cannot be emptied from the seminal vesicles 

Our experience with this important question has been as follows 
Nervous, apprehensive patients who have heard of such a side effect 
may well develop a psychic impotence Motile spermatozoa have been 
seen in condom specimens of a patient who has had bilateral spJanch 
me nerve section and bilateral excision of the lumbar svmpathctic 
chain from the first to the fourth ganglion Tw o other patients with 
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the identical operation ha\c become fathers* Manj patients aMth bi- 
lateral lumbar sympathectomy ha\c reported on normal libido, erec- 
tion and ejaculation Most important, ho\\c\cr, is tlie fact that a\ith 
the approach described, the first lumbar ganglion can be reached a\ith 
difficult), IS neaer aisible, and is not removed Thus the discussion is 
purely academic although legal complications arising from previous 
statements in the literature may obviously occur In women, sexual 
function, pregnancy and birth arc undisturbed According to Shu- 
macker, cluldbirth is painless in sympathcctomized women if we ex- 
cept the perineal pain caused by the pressure of tlic head 

COMMENT 

Lumbar sympathcctom) has become a simple, well standardized pro- 
cedure There has been no mortality in our hands after several hun- 
dred sympathectomies, when infection occurs, drainage may be pro- 
longed because of the difficulty of clearing up the retroperitoneal 
space Two such long draining infections have been encountered The 
rehabilitating effect of tlie operation is remarkable, it may have to be 
combined m the advanced cases of obliterative vascular disease with 
minor amputations The improvement m circulation and the stability 
in blood flow is equivalent if not m many instances superior to many 
months and years of physical therapy, mechanical vascular exercises, 
drugs and prolonged bed rest with loss of earning power The opera- 
tion promises to become one of the most w'idely employed procedures 
in vascular surgery 

SUMMARY 

The anterolateral, muscle-splitting, extrapentoneal approach to the 
lumbar sympathetic chain has been described The removal of the sec- 
ond and third lumbar sympathetic gangba is performed under spinal 
anesthesia, with early ambulation The two chains can be removed one 
week apart If performed with proper indications, the results are verj 
satisfactory 

This IS not such convincing proof as the first one According to Roman Law 
pater semper inccrtus ’ 
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A Earl WAtii.FR, M D * 

Lxploraiios of the spina! canal bj a laminectomy has been earned 
out for over a centur> Few evidences of weakening of the back have 
been seen or reported as the result of this procedure When explora 
non for prolapse of the intervertebral disk became commonplace, sur 
geons, and neurosurgeons m particular, decried the full laminectomy 
and adapted a partial hemilaminectomj as an adequate approach to 
the lesion Some of the older surgeons have referred to the technic 
as ‘ key-hole surgery With accurate diagnosis of the lesion, however, 
1 partial or even complete hciiubmincctomy has certain advantages 
over a complete laminectomy Because there is little if any structural 
weakening of the spinal column, the operation may be considered es 
scntially a soft tissue one, and the period of bed rest and hospitalization 
may be decreased from a few weeks to one week This is important 
since patients kept in bed for longer periods of time are more apt to 
develop both local and general complications and they require a 
somewhat longer convalescence before returning to their usual ac 
tivjties From the patients standpoint the decreased period of hos 
pitahzation and shorter absence from work are important financial con 
siderations 

For these reasons I w ish to discuss the use of hemilaminectomy in 
spina! surgery It is well known that prolapsed mten ertcbral disks 
may be easily removed through the interlaminar space or with the 
help of a partial laminectomy But it docs not seem to be generally 
recognized that the use of a hemilaminectomy is equally satisfactory 
for exploration of the spinal cord removal of tumors and foreign 
bodies (such as shell fragments and bullets), chordotomy and dram 
age of epidural abscesses 

The first patient is a man referred for chordotomy because surgery 
and roentgen therapy had failed to control a chondrosarcoma of the 
left ilium 

CASE I (NTRACTABLE PAIN IN HIP FOLLOWING REMOVAL OF CHOHDRO 
SARCOMA OF ILIUM RELIEF BY CHORDOTOMY 

A man aged 44 >e3rv was admitted to the University of Chicago Clinics on 
January 19 1938 complaining of a painless enlargement of the left hip for ap 
proximately two years A hard lump about the size of a large orange just above 

hroni the Department of Neurosurgery University of Chicago School of Med 
icinc Oiicago 

•Associate Professor of Surgery (Neurosurgery) University of Chicago 
School of Medicine 
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tlic left liip was first noticed two >cirs before admission It gradinllx but pam- 
Icssh increased in size After strenuous exercise or sitting for a long time, a dull 
ache was felt in the hip 

[ unctional inquirj rescaled no other significant findings I xaniination wis 
completely normal except for the l<»cal findings Fxtcnding upward and firmh 
attached to the wing of the left ilium was a bonj liard mass about the size of a 
half gnpcfruit, which measured approximatclj 7 cm in width and 12 cm m 
length Oier it the skin was frcelj movable Roentgenograms revealed an ir» 
rcgularl) calcified tumor mass arising b> a pedicle from the wing of the left 
ilium dig 59) A diagnosis of chondn«arcoma of the ilium was made and on 
Januar) 29, 1938, Dr William E Adams made a biops> of the tumor, which was 
reported as chondroma with ossification On February 28 the patient was read 



Fig 59 (Case I) — Roentgenogra m of the left side of the pelvis showing the 
diffuse calcification in the tumor arising from the supenor surface of the ilium 
and sacrum 

mined to the hospital, and Dr Adams removed the mass from the ilium A sec- 
tion taken from this mass was diagnosed as chondrosarcoma of the ilium Eight 
ninths after discharge the mass staned to recur and gradually increased m size 
The patient returned December I, 1940, complaining of recurrence of the mass 
and pain in the distribution of the sciatic nerve At that time the mass was about 
IS cm m diameter and the skin over it wras smooth and ghstemng There was no 
limitation of movement of the hip joint Roentgenograms revealed a large tumor 
confining a massive deposit of calcium arising from the left sacroiliac joint 
On December 3 and li, 1940, Dr Adams removed the tumor and posterior 
portion of the ilium by a two stage operation Tlie tumor was reported as a 
cliondrosarcoma 

r was given x ray therapy, some 52(» roentgen units being admin- 

^ IS ered A sinus tract developed, which cleared up following curettage 

n April, 1944, the patient began to expenence moderately severe pain m the 
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region of the left hip He was giFen funher x-ray therapy at that time, 1868 
roentgen units being given He obtained some relief but m December, 19+4, the 
pain recurred requiring codeine two or three times a day He was referred to 
the neurosurgical service because of this intractable pain in the left hip. Upon ex- 
amination the abnormal findings were referable to the left buttock TTiere was a 
depressed area in the region of the left posterior gluteal muscles Just below the 



Fig 60 (Case I) —Technic of hemilaminectomy and chordotomy. The muscles 
are stripped by subpenosteal dissection from the spinous processes of the ver- 
tebrae and separated from the laminae by a sponge dissector (1). The laminae 

• • ■ ) mm 

’ ter IS 

g the 

arachnoid (J). After cutong its attachment to the dura mater the ligament is re- 
tracTed posteromedia)'l)\ lotaiing the spinU cord An incision > mm in depth Js 
made from a point 1 mm below the line of anachment of the dentate ligament 
anteriorly to the bne of exit of the anterior rootlets (4) 

iliac crest The skin over this area was pigmented, and a 12 inch scar passed 
through It The movements of flexion and external rotation of the left hip and 
of dorsiflexion of the left foot were quite waV The patient limped on the left 
side in walking There svere no sensory disturbances in the leg The left knee 
jerk was absent. An anterolateral chordotomy was advised 

On March 1, 1945, a midline incirion was made from the seventh cervical spmt 
to the fourth thoracic spine The muscle were separated from the right side or 
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J - ^ht hmmic of Ac second and thicd thoracic ver* 
\vas opened An incision 3 mm deep, was made 
and earned out at the line of the antenor roots 
The dura nas then closed and all bleeding controlled The muscles were replaced 
and sutured along the spinous processes (Fig 

The patient was m good condition throughout the enure procedure He re- 
quired catheterization on the first postoperame day but had no further diffi- 
culty He had a marked hypalgcsia from the sctcnih to the tsveUth thoracic der- 
matomes on the left side and analgesia below the twelfth thoracic segment At 
ames he had fecal incontinence The left leg remained weak but not more so 
than before the operation He w'ls allowed up on the fourth postoperative day 
and was discharged on the tenth postoperative d3> 

He has been followed in the outpatient department He has had no further 
pain in the hip hut sail has weakness of the left leg The sensory level on idie 
left side has remained at the ninth dorsal dermatome 


Commenf— Almost fort)' >ears ago Spiller, on the basis of cLmco- 
pathological observations, suggested that partial section of the spinal 
cord would give relief from intractable pam Since that time the pro- 
cedure has been used with varying frequency and success The en- 
thusiasm of the medical profession for chordotomy has been damp- 
ened by the complications which may occur after the operation In 
the first place, not all patients are completely relieved of pain, due 
cither to an incomplete secnon of the pam tract or one that was too 
low In the second place, even if the pam is relieved, urinary disturb- 
ances and debibty frequently confine the patient to bed The reason 
for both of these sequelae is largely that surgical intervention is “too 
little and too late “ It is difficult for a physician to tell a patient, suf- 
fering only slight pam, or his family that all hope of a recovery js 
past and that an operation on the spinal cord is advisable It is much 
easier to suggest that sedatives, analgesics or roentgen ray therapy be 
tried for a time After experiencing some relief, when the pam be- 
comes severe again the patient naturally desires more medication or 
therapy It is only when the distress has become so agonizing that 
large doses of opiates dull it only temporarily that the patient, now 
an addict and cachectic, is willing to consider a neurosurgical proce- 
dure At this time, chordotomy is a formidable operation inviting dire 
complications which make the procedure much less desirable to the 
surgeon On the other hand, if the operation is performed early while 
the patient is still vigorous, gratifying results can be and are obtained 
Under such circumstances, even if some unnary disturbances result 
usually is able to regain normal function of the bowel and 
bladder With the aid of pemcillm and streptomycin which may prad- 
urinary infection, chordotomy for intractable pain 
should have a renaissance which wiU be gratifying to both patient and 
physician 

For the relief of intractable unilateral pam, a chordotomy on one 
side IS usually sufficient Only occasionally must the second spino- 
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thalamic tract be sectioned to gi\e complete relief Although Mcak- 
ness of the legs is common after bilateral section of the spinothalamic 
tracts, little impairment follows unilateral chordoromy. Usually the 
removal of two laminae gnes sufficient evposiire for the section of 
the anterolateral tracts The chordotoniy must be made on the side 
opposite the pain, for the spinothalamic fibers cross the midline a vei^' 
short distance after entering the spinal cord If the origin of the pain 
IS in the lower part of the body the depth of the chordotomy need not 
be grea^ for the fibers from the sacral htgmena of the bodv’ he on 
the external surface of the cord, if, howeter, the pain originates from 
the thoracic region, the section must be cirned deeply and forward 
to the medial margin of the anterior rootlets. The latter portion of 
the section is important because the higher fibers, entering the spinal 
cord just a few segments below the site of exposure, lie about the 
anterior horn and mav be missed if the knife is not earned anteriorh 
far enough. 

CASE II NEUROFIBROMA OF SPINAL CORO REMOVAL BY HEMILAMINECTOMY 

A 52 >car old housewife was adnuncJ to the (/nnersity of Chicago Climes 
March 7, 1945, on Df Richard B Richter's sen icc ihe loinpJained of numbness 
ind weakness of the Icps for approximatelv one sear Sis numrhs before admis 



I ig 61 (Case II) -Exposure obtained by hemilaminectonw of a neurofibroma of 
the spinal cord 

Sion she experienced a feeling of pins and needles associated with numbness and 
\v eakness of the left leg She w ould stumble if she did not w atch where she walked 
A. few weeks before admission the right leg became weak 

Her past historj, faniil> and functional mqutry resealed nothing significant 
Physical examination revealed a ser>’ obese white woman who did not appear to 
be acutely ill Her blood pressure was HO/70 Neurological examination was nor- 
mal except for the findings in the lower extremities There was no definite weak- 
ness m the legs, but there was a rather indefinite hypcsthesia to all forms ot 
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sensanon to approtimateK the Io^^e^ rfjird of the Ittc thirit The k’lee and ankle 
lerka were hvperaccTc and the left plarci’' ret^ex was eatensor 

A lumbar puncture rercaled an imnal pressure cf I"0 tnm of spinal fimd 
There was no nse on unfla’e*al jujilar compression, but on bilatcrai compres- 
sion a gridoal slow nse to J‘'Q mm of spinal fiuul ccimrred. Abdomral erm 
pcession gave a rather rapid rl^c ard fall to I“0 mm of spinal tfiud. The l^uid was 
dear and colorless cnnnmcd 1 1 polvirorphomzcitar leukocv^ and I Ivmpl o 
cyzs The coral protein was 12j me per 100 cc E*3rmpaqnc was inieired and r- 
vealed a block at the tenth dorsal «cgment. 



Fig 6"’ (C^se II) —4 Pantopaqae mvelocram to show the concave np of riie 
corunin of contrast media at the site of complete block- B, Ph itoeraph of the 
nearofibroma removed through the hemihinmiectomT' 

The paaenc was referred to the neurosargical service on March 14, at which 
Qme the findmes u ere a.s recorded except for a nghc pemnal hTpesthesia and bi 
lateral Babinskis signs on plantar samolaaon. A review of the mveloe ra n i s sue 
gested that the tumor Ia> on the left side of rfie spmal cord at the tenth dorsal 
segment. The paaent went home for a sreek. to arrange her affairs 

On March 14 she wls anesthetized with ether A curvUmear inasian was nude 
from the eiahth to the eleventh spmes shghtiv to the left of the midlme. The 
muscles were sphe subpcnosteally from the lefrside of the spmous processes The 
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lamina of the tenth and the lower part of the left lamina of the ninth thoracic 
venebra were removed on the left side There was a small amount of epidural fat 
When the dura was palpated it was obvious chat there was a nodule at the lower 
margm of the tenth lamina The dura was opened A pearl)' vascular tumor was 
present on the left side of the spinal cord It was easily lifted out but was attached 
loosely to a nerve root. From this tumor a cord of tissue ran tostrally along a 
nerve root. This cord was beaded and about three or four smaller nodules were 
present The cord was lifted out and dissected from the nerve root to which jr 
was adherent After complete hemostasis the dura was closed and the muscles 
were approximated without difficulty The panenc had a smooth convalescence 
She was allowed out of bed on the fourth postoperative day and was discharged 
on the seventh postoperative day (Fig 61) 

The patient has been seen in the outpatient department She has had no further 
complaints of numbness and the weakness of the leg has decreased On exanuna 
non there was still a slight hypalgesia on the lateral surface of the leg The tendon 
reflexes were active and equal the plantar responses were flexor 

The tumor consisted of an ovoid mass tj cm m diameter from which ex 
tended a nodular strand 4 cm m length The specimen weighed 2 2 grams On cut 
surface it had a homogenous granular appearance (Fig 62) 

Microscopic examination of sections stained with hematoxylin and cosin and 
by Perdrau s techmc revealed the tumor to be composed of spindle shaped cells 
arranged in parallel rows Areas of necrosis were present The nuclei were dark 
seaming but no mitoses were seen The reticulin was practically confined to the 
blood vessel walls The tumor was diagnosed as a neurofibroma 

Commenf —This case illustrates the fact that jf a hemilaminectomy 
IS to be performed the location of the lesion should be accurately 
knoxvn Not only should the lesion be lateralized but its level in the 
V ertebral canal should 6e knotvn It is possible to do an extensive ex 
ploration by hemilaminectomy, but technically the procedure is diffi 
cult and time consuming For a prolapsed intervertebral disk, which is 
usually easily lateralized and localized hemilaminectomy is well 
adapted For tumors of the spine, myelography will usually be ncccs 
sary for an accurate localization In the above case, the myelogram is 
typical of a tumor lying on the left side of the spinal cord between 
the tenth and eleventh thoracic vertebrae (Fig 62) The concavity at 
the end of the column of contrast media and the displacement of the 
spinal cord to the opposite side suggest a spherical extramedullary 
tumor on the left side 

THE TECHNIC OF HEMIUMINECTOMY 

Few real advances have been made m the techmc of hemilaminec 
tomy m the past few years A curvilinear incision to either side of the 
spinous processes is less annoying to the supine patient than a midline 
one and has the additional advantage in the lumbar region of being 
able to skirt the site of a previous lumbar puncture which may still 
be inflamed and perhaps infected The interspinous ligament is sec 
tioned with the electrosurgical unit to the desired side of the spinous 
processes A careful subperiosteal dissection of the muscles from the 
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spinous processes pre\cnts bleeding and undue maceration of the para 
\ertebral muscles The muscles maj be retracted latcrall) b> a Bal 
four retractor \\hich has had the teeth on one side shortened or b> a 
modified self retaining thj roid retractor After excising the ligamcntum 
fla\um, the lamina maj be easily remoxed xxith a goose neck rongeur 
or a Kernson punch After dealing with the lesion, the dura mater 
should be closed tightl) as for an> lamincctomj The application of 
a centimeter strip of fibrin foam soaked in thrombin oxer the line of 
suture xxill tend to prexent bleeding into the angle between the spin 
ous processes and the dura mater when the muscles arc alloxxed to 
fall into place This same space ma> be more nearl> obliterated bj 
placing a deep suture through the muscle and the interspinous Iiga 
ment at the base of the spinous process 
Folloxxing a hemilamincctomj for a neoplasm or foreign bod> 
within the spinal canal, or a chordotomv, the patient may be allowed 
out of bed in three to four da>s No ill results haxc been seen folloxv 
ing this procedure and the patients appear to haxc a much better con 
xalesccnce If an intencrtebral disk has been remoxed, the penod of 
bed rest is prolonged to ten da>s 
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Ir imy seem pre«:unjpruous to dtscu5$ thjs srandjrdjzed and 5imple 
procedure, but cJarification of Jts advantages and disadvantages maj 
not be Without ment In the last few years its use has become e\ 
tended but jts di^icukies, dangers and fallacies arc rarely mentioned 
The puncture itself may be simple or difHcult depending, to a great 
extent, on the tcchnic used m doing it fn suitable cases its early use 
provides valuable information vihereas in other cases it is strongly 
contraindicated It mi) be of interest to the general practitioner to 
review the subject from a purely practical standpoint 
The indications for spinal puncnire fall under two headings, diag- 
nostic and therapeutic 

Piagnoscic 

1 To obeaiii vpiiul fluid for stuiiv 

2 To esomare intracranial prcwiift 

J To test for spinal Mocl, 

4 To intfodiice air or lipioflol 

Therapeuuc 

1 To introduce sera, peniciUin of anesthetic 

2 To remove blood or irritattve ewjflates 

3 1 0 reduce intracranial pressure 

4 To perform spinal drainage 

Before the spinjl puncture can be made useful a good method for 
doing it should be described, for sometimes there is hesitation m per- 
lorming spinal punccxice beciusc of previous technical difBcultics, 
though except under peculiar circumstances it is a simple and rela 
tn ely harmless procedure There are also exceptional conditions under 
which it should certainly not be perfonned, but on the whole spmal 
puncture is probably performed less often than it should be 


TECHNIC AND EQUIPMENT 

Adherence to a definite technic is important to prevent failure. The 
spinal puncture tray contains 

Sterile gloves and powder 
Old Kocher $ or other bemostat 
Small rolled up gauze ^nges 
Two regular gauze sponges 

• Associate Professor of Veurosorgeo (Rush), Unii ersirj of Illinois CoVtgt 
of Medicine, Neurosurgeon Prcslijtenan Cook Onunrj and Michael Reese Hos 
pitals, Oicago 
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1 our sterile towels 

One fine needle (hjpodenmc or longer) 

One 2 cc Lucr sjringc 

Two inch 16 gauge scmiflcMblc spinal puncture needles 
One spinal manonietcr (A>cr water manometer) 

One right ingle adapter for minomctcr and spmnl needle 

Ihc piricnt should he pheed on his left side on the edge of a bed 
or table, this means the \ er\ edge T he shoulders and hips sliould be 
at right angles to the floor and the spine sluuild he hori7ontal from 
the back of the lieid to the sacrum If the position of tlic patient is 
correct and uniform, all that remains to lie done is to insert the needle 
in the midlmc at a right angle to the skin If the patient is bent or 
twisted m some nnnncr, indefinite \ amble factors must be considered 
m order to enter the subaraclinoid space The legs should be flexed on 
the abdomen, the back arched, the neck flexed and tlic head comfort- 
ably supported on a pillow of the proper thickness An assistant ma) 
support and steads the patient m this posirion, hut there should be 
no attempt at forcible flexion 

The back is painted w itli a coic of alcohol, and a coat of lodmc 
which in turn is rcnioscd with another coat of alcohol Sterile towels 
are placed, one underneath the patient, one os cr tlic buttocks, one o\ cr 
the lower nbs, and one oser tlic Join, leasing a rectangular sterilized 
space from about tlic beginning of the sacrum to the second lumbar 
vertebra It is, of course, presumed that the operator’s hands has e been 
rendered sterile and that sterile gloxcs arc worn 
The ideal place for the lumbar puncture is betas een the fourth and 
fifth lumbar s ertebrac sshich is, as a rule, at the level of a line joining 
the upper parts of the iliac crests The space betsseen the spines is felt 
for with the thumb of the right hand and a thumbnail mark is made 
at this level The spinous process abme the mark is grasped between 
the finger and thumb of the left hand and another thumbnail mark is 
made in the midline The cross thus made indicates the site of the 
puncture The patient is then xvamed that he is to be touched with a 
needle and a ssheal is raised with a fine needle and 1 per cent novo- 
caine m a 2 cc Lucr’s sjrmge Nosocaine mas also be injected along 
the proposed path of the spinal needle 
A semiflexible 16 gauge spinal needle is nosv introduced Both hands 
should work together when introducing the spinal puncture needle, 
and the point of the needle should he controlled so that, if there is a 
sudden lack of resistance, the needle will not rapidls adsance and 
travel too far across the subarachnoid space The skm of the back is 
stretched tight ssith the forefinger and thumb of the left hand and 
the needle is grasped in the right hand between the forefinger and 
middle finger with the thumb on the hub The back of the wrist and 
forearm of the operator are steadied against the patient The needle is 
inserted at right angles to the skm and is gradually adsanced horizon- 
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tally jn the nudhnc and in a slightly cranial direction If the needle is 
introduced strictly m the nudlme, the procedure is relatively painless 
Should there be an> unceminty about the needle being m the mid 
ime, ask the patient on which side he feels it, suitable adjustment m 
then be made 

As the ligamentum flavum is approached there will be a character- 
istic rubbery denseness opposed to the pome of the needle which when 
penetrated will be foUoned by a little sharp click as the point of the 
needle passes through the tense dura mater This httle click is often 
described as the characteristic feature of the lumbar puncture, but 
probably the dense rubbery resistance of the ligamentum flavum is 
more constant. The stylet should be withdrawn at frequent intervals, 
there is no necessity to pass the needle into the subarachnoid space in 
one clean sweep If the procedure is earned out carefully, slowly and 
methodically, the patient will sustain little or no mental or ph> sical 
dam^e. If spinal fluid fails to flow or having started stops flowing 
the needle should be rotated on its Jong axis Nerve roots may float 
up against the bevel When the stylet is first removed one can obtain 
a very rough idea of the amount of spinal fluid pressure If the fluid 
squirts out of the needle, one should be extremely cautious about let- 
ting further fluid escape It is usually safer to perform the puncture 
with a fine but not too flexible needle if one has any notion that there 
will be increased intracranial pressure Under ordinary circumstances 
lO cc of clear spinal fluid is withdrawn, which is a suflicicnc amount 
for the ordinary routme tests The needle is then withdrawn from the 
spinal canal and a small square piece of adhesive tape is placed over 
the puncture wound The patient is then placed flat on his back in 
which position he remains for the next twenty four hours The head 
should be kept low but the patient may turn from side to side This 
routine after care is directed toward warding off spinal puncture head 
ache, -which wfll be discussed later 

TECHNICAL DIFFICULTIES 

The method described above, if faithfully carried out, will obviate 
most of the diflicultics connected with spinal puncture However, 
there are a certain number of cases in which difficulties arise The 
most common are the "dry tap” m which spinal fluid is not obtained, 
and the ' bloody taff ' m which bloody spinal fluid is found 

Dry Tap -In a dr> tap one must be sure that the needle is m the sub 
arachnoid space If there is much pam connected with the puncture, 
and I realize that the word ‘pain’ vanes from one individual to an 
other, it is likely that the needle has not been introduced in the mid 
line If the flexible needles obtamable today are used, it is often diffi 
cult to control their direction This is noticeable m performing al! 
deep injections, for instance those for trigeminal neuralgia Flexibility 
m the needles was introduced to mimmize breakage and to allow a 
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needle to pass along a hard surface which changes its direction If 
there is much pain, one should inquire of the patient on which side 
the pain is felt, this will assist m directing the needle in the midline 
When one docs not feel the \arious resistances in their proper order, 
doubts may be entertained as to whether the needle is likelj to reach 
the subarachnoid space Sometimes the needle meets bon>^ resistance in 
which case the only thing to do is to withdraw it and reinsert it in 
another direction The needle may have to be directed more acuteU 
upwards than at other times and, certainly it is better to alter the 
direction of the needle point upwards and downwards rather than 
from side to side If the puncture is not started in the midlme, diffi 
culty IS sure to be experienced In fat people it may be almost impos 
sible to feel the spines and the midline and, furthermore, the longi 
tudinal furrow in the skin is not in the midlinc with the patient on 
his side Under these circumstances, the pome of a needle maj be used 
to get the desired information as to laterality In obese people it is 
most important to keep the skm in the correct position and tighth 
stretched while the needle is being inserted 
Sometimes the dry tap is obtained because the needle has been pushed 
m too far through the subarachnoid space and into the back of the 
vertebra or inten crtebral disk This is particularly likely to happen in 
children and infants An article has recently been written on the sub 
ject of the herniated nucleus pulposus with extrusion of disk mare 
rial, as a result of trauma to the disk in spinal puncture m children 
This need not be taken coo seriously If the advice about removing 
the Stylet at frequent intervals on the way into the spine has been fol 
lowed, the situation would never have occurred At other times the 
needle is in the subarachnoid space and a drop or two of the spinal 
fluid IS obtained and then it stops This is most likely to be due to a 
nerve root floating up against the bevel of the needle, m which case 
the needle should be turned m its long axis 
Occasionally, the stylet in the needle does not fit properly and does 
not carry through to the very end of the bevel, m which case it is 
possible to have the needle plugged by skin when it is being intro 
duced Very rarely, indeed, the needle is introduced properly into the 
subarachnoid space, but no fluid is obtained because the tip of it is in 
a tumor Only an experienced observer will be sure about this situa 
tion Serial ascending punctures may then have to be employed to 
obtain spinal fluid The original needle is left in place and another 
spinal needle is introduced at the space above and so on until spinal 
fluid is obtained, with the proviso that no puncture should be done 
higher than between the first and second lumbar vertebrae In infants 
the conus medullaris lies even lower and a puncture should not be 
higher than between the third and fourth lumbar vertebrae Serial 
punctures may be of excellent localizing value in spinal cord tumors 
m the lumbar region 
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There are rare msrances m which a dry tap is obmned because the 
needle cannot be introduced mto the subarachnoid space A spinal cord 
mjur> with paraplegia recentl)? tame under in> care and because of 
progressne symptoms a spinal puncture was attempted immediately 
the man entered the liotpiral 1 he attempt w as finally abandoned and 
X raj s show ed a complete sclerosing arthritis of the spine of the Mane 
Strumpell vaneej making puncture absolutely impossible It should be 
mentioned m order to avoid giving the impression that this is a rou 
tme procedure in spinal cord injnrj that this man had an extradural 
hemorrhage of the spina! cord xv hich w as successfully removed Spinal 
cord injuries are not usuallj subjected to x raj pictures or other ma 
nipulations immediately after entenng the hospital 

Bloody Tap —When the spinal puncture needle is introduced bloodj 
spinal fluid ina\ be obtained and espectalh if there has been some 
difflculcj with the puncture the practitioner nuv be unable to decide 
whether the blood is due to trauma sccondirv to the puncture nr 
whether u is due to the undcrKing conditions for which the puncture 
was done The usual procedure emploved is to collect '* or 3 cc m 
each of three consecutively used test tubes In practicall) all bloodj 
taps in which the blood was due fo the trauma of the puncture the 
fluid gradualU clears of blood so that clear or almost completely 
clear fluid is obtained m the third test tube This is usually the cn 
tenon for deciding whether the blood is due to the puncture or not 
On the other hand when the blood is intimatelv mixed with the spinal 
fluid and has been for some time the three test tubes contain equal 
amounts of blood In rare cases so much blood is produced in the 
spinal fluid by the puncture that information at this interspace is of no 
value A puncture may be attempted at a higher space but if blood is 
found here the procedure should be terminated It mav be repeated 
m several davs Bloody spinal fluid is not of much value m the routine 
tests for w hich the puncture is done 

Extreme Flexion and Restra nt — Tlve technical difficulties of a punc 
tore will not be materially lightened by forcibly flexing the patient s 
head and legs This widens the space between the spmous processes 
but does not alter the distance to an> extent between the laminae the 
ligamcnta flava are tough and unyielding Intra abdominal pressure is 
jjKTcastd jijrb vricmus cor^esritw aad dbJiranon of the extradural veins 
making the chances of a bloodj puncture more likely 

DIAGNOSTIC INDICATIONS 

Spinal fluid is most frequenth required for study for the purposes 
of establishing a diagnosis usually m some neurological disease for 
instance syphilis or encephalitis Ten cubic centimeters of fluid are 
all that are required Emphasis should be placed on the specific tests 
to be made on a gw en sample of fluid As a rule the routine complete 
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evaiiimatjon should be done ^\hlch includes cell count , -protein, sugar, 
chloride, Wasseruuim reaction and colloidal gold cune In consulra 
tion one frequentU sees spinal fluid reports in hich the fluid has been 
onI\ partiallj examined and often the point m m hich one is most inter- 
ested has been neglected This is frequcntl> the total protein Merntt 
and Fremont-Smith ha\e xintten a xerj exhaustive book on the studv 
of cerebrospinal fluid and anx matter concerning the chemical anal}*sis 
or the climcal significance of the anahsts will be found desenbed in 
this monograph 

Spinal puncture ma\ be performed to obtain an estimate of the 
intracranial pressure and it is most important to state emphaticalK 
that an estimation of the spinal fluid pressure cannot be made 'i.ithout 
the spinal fluid manometer Practitioners who have performed spinal 
fluid punctures all their lives max doubt this statement, but I have had 
the oppominitx of performing manv spinal punctures and I knoxx 
xerx xvcll that xxhen the estimate is made and the manometer is used 
to check, there are so manx discrepancies as to make estimation use- 
less As a matter of practical experience it docs not xxork, as a matter 
of necessitx, one max gam an impression which ma) happen to be 
nght Furthermore, the mercurx manometers and other gadgets arc 
of xer> little xalue, xvhat is required is an ordinarx straight glass tube 
graduated as a water manometer (that usuall> cmploxed was designed 
b> Aj er) It is best fitted x\ ith a right angle adapter xx hich fits into the 
needle Adapters with stopcocks max not xxork and are often a source 
of xxrong information especiallx in the hands of one not familiar xxith 
their use In general thex are more trouble than thex are xxorth The 
pressure is measured in centimeters or millimeters as the fluid rises m 
the graduated tube and an accurate reading is obtained Eight to 16 cm 
of pressure is regarded as being xxithin normal limits ^^^lere the pres- 
sure IS found to be increased in the manometer it is xxise to satisfx 
oneself xxich a xen slow xvithdrawal of a minimum amount of spinal 
fluid, sa> from 5 to 7 cc If the pressure is xerx high say 30 cm or 
more, the needle should be xvithdraxxn More xxill be said on this point 
in the discussion of contraindications Recourse to spinal puncture to 
check for increased intracranial pressure should probablv be made 
sooner and more often in patients m whom a brain tumor is suspected 
U e frequentlj see patients xx ith persistent headache ox er a short 
period of time sax three or four months, xxho finallx dexelop a xxell 
defined choked disk A spinal puncture at an earl\ date xxould haxe 
determined whether this xxas due to increased intracranial pressure or 
not. Under these circumstances xxith a correct diagnosis earlx estab 
lished It is possible to perform better surgical procedures for bnin 
tumor 

It may be necessarx to obtain the Ayala index xv hich is supposed to 
be of some differentiating xaluc betxxeen a tumor and a communicat- 
mg h} drocephalus, for instance otitic or mcmngitic hj drocephalus 
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The equation for the index js — j — , where Q is the number of cubic 

centimeters of fluid wthdratwi (usuuUy 10 cc), I js the imtiaJ pres 
sure and F the final pressure An index of under 5 is in favor of tumor 
and of over 6 5 of hydrocephalus 
The test for spnjal block js frequently necessary • It is used for 
instance in spinal cord injuries to determine whether operative pro 
cedure should be contanphted and also in cases of paraplegia lurh a 
sensory level in which a spirul cord tumor is even a faint possibility 
Most cases of transverse lesions with a spinal block require early 
operauve interference E^en in rapidly oncoming paraplegias like the 
rare cases of extradural spinal abscess, a block may be found at an 
early date, and when followed by mtert ention the patient’s chances 
of tvalking may be greatly enhanced It may be repeated almost 
categorically that a spinal block mdicares the necessity for a surgical 
intervention and it should therefore be tested early m suspected cases 

In the test for block the puncture « done in the u>ual manner and the spinal 
manometer is attached The level at which the fluid comes to rest in the man 
ometer IS noted and preparations are made lot bdaceral pressure on the ju^ir 
veins The pauenr is warned chat when the pressure is apphed to his neck he is 
not to resist or to hold his breach Ac a given signal from the operator the jugu 
lar veins are compressed on both sides If there is no spinal blocl^ the fluid im 
mediately begins to rise and continues to rise rapidly up to a certain point At 
^ another signal from the operator the pressure is released and the spinal fluid in> 
%\ mediately begins to descend and it goes down practically to the same let el as 
1 the initial reading This should be repeated two or three times If there is a 
f) J block or 3 pattid block, the spinal fluid eiiher starts to me very sluggishly or 
/ does not rise at all Futthermore, in cases of partial block the return of the 
fluid down the tube after jugular pressure is released may be very slow and m 
complete In complete block there « pracocalJy no movement whatever of the 
fluid The arterial pvJsaaons one sees in the noimai patient are absent 
when there is a spinal block but the respiratory of excursions of the fluid may 
be exaggerated Here again it is important to bear m nund that the nerve root 
may float up against the needle when jugular pressure is applied 

Spinal puncture may be employed also to rntroduce hprodol, air or 
pantopaque for diagnostic study As a rule these procedures will be 
carried out only by the neurologist or neurological surgeon and bttle 
need he said shout them except rhsr the use of air, hpiodoX panto 
paque and novocaine for spinal anesthesia should be limited to those 
who are familiar with the technic and especially with the difficulties 
and dangers connected nich the use of these substances Lipiodol, for 
instance, is very irritating and if introduced into the spinal canal may 
•The test is often referred to as the ‘Queckenstedc tejr’ There is rarely 
complete undentanding of the terms 'posiuvt” and 'negative” Qiieckenstedt It 
IS my opinion that proper names shot^ be eliminated as much as possibfe w 
meicine, and be replaced by descnptive terms The term spinal block cowa 
scarcely be misunderstood, besides Hthon described the anatomical mechanism 
of the test sixty years before Queckeostedt applied it. 
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make a great deal of trouble not only for the patient but for the prac- 
titioner The introduction of air into the spinal canal for encephalog- 
raphy IS by no means a simple procedure and if done in unsclccted 
cases may lead to disastrous results Pantopaque is a new radiopaque 
substance which is aaithdrawn from the spinal canal after it has scr\ed 
Its purpose It is usually introduced to make a diagnosis of a herniated 
inten ertebral disk Its use may be extended, as time goes on, for it is 
a relatively nonirntating substance 

THERAPEUTIC SPINAL PUNCTURE 

Contrary to the usual idea, a therapeutic spinal puncture his a 
rather limited usefulness to relieve increased intracranial pressure 
The puncture may be done for the abo\c purposes in cases of head 
injury or m cases of a leaking intracranial aneur>sm It should not be 
done in cither case iiithouc the use of a spinal mmometer, for no 
accurate estimate can be made of the degree of increased mtracrannl 
pressure without this instrument When blood) spina! fluid is ob 
tamed through the needle, the pressure is read on the manometer, the 
three test tubes are partl> filled with spinal fluid, according to the 
methods described, and it is found to be equally bloody m all three of 
them Hating remoted 10 cc of spinal fluid the pressure is again 
estimated It is usually not wise to dimmish the pressure by more than 
half In other words, if the spinal fluid pressure is 30 cm , it should not 
be reduced to below 15 cm The spinal fluid is slowly withdrawn until 
the desired reading is obtained High spinal pressure should not be 
reduced m cases m which the fluid does not appear pathological in the 
fint place, for the underlying reason for the increased pressure may 
be a brain tumor It is usually safe to reduce increased intracranial 
pressure in spinal fluid which is cloudy as m meningitis, or bloody as 
in head injury or leaking intracranial aneurysm Clear colorless spinal 
fluid under increased pressure should not be withdrawn except very 
slowly and in very small quantities Under no circumstances should 
jugular pressure be applied in cases of increased intracranial pressure 
A spinal puncture may be performed not only to reduce increased 
intracranial pressure, but also to remove irritative exudates as, for 
instance, in meningitis It has been shown that if these exudates remain 
too long m contact with the arachnoid and pia mater, adhesive proc- 
esses may result along the base of the brain and the spinal fluid circu- 
lation may be slowed up to the extent of producing some degree of 
hydrocephalus which, m turn, may be the cause of further disability 
later on For this reason spinal fluid is withdrawn in the leaking intra- 
cramal aneurysm where the blood is r^rded as an irritative substance 
likely to cause adhesne reaction It is hard to see how the amount of 
blood which can be withdrawn during any one spinal puncture could 
materially affect the formation of these adhesive processes In the 
normal adult there are betiveen 120 and 180 cc of spinal fluid All of 
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this fluid becomes intimatel> mixed with the irritating substance and 
the removal of 20, 30 or even 40 cc twice a day would scarcely 
materially effect the irritative reaction of the pia mater and arachnoid 
The spinal puncture may be emploved to introduce sera or other 
therapeutic agents into contact with meninges or the subarachnoid 
space The method has long been used in certain tvpes of meningitis 
and It his been found lately that penicillin to be effective in the 
nervous system imist be introduced by this route I ittle explanation 
IS necessary on this score Very rarely spina! fluid dninage is indi 
cared and it is part of the regimen that was once suggested for 
dehydrating patients with headache and dizziness following head 
injury 


CONTRAINDICATIONS TO SRINAl PUNCTURE 

The most important contraindication is increased tntracramal pres 
sure not associated nith blood or pis m the spinal fitiid—in other 
words, due to an intracranial expanding lesion such as a tumor When 
ever this possibility is considered the optic disks should be examined 
and if they do not appear normal a spinal puncture should not be 
done This point has been labored ad naiiseurn but it is not sufficiently 
observed The puncture of patients with increased intracranial pressure 
due to tumor leads to very bad results, and sometimes to immediate 
death 

In quite a few cases I have seen children with cerebellar tumors punctured 
by an enthusiastic resident or intern Strange as it may seem in only one case 
was this followed by death The point is that tlieoreticalb it could have hap 
pened in all of the cases and it should never have been done The mechanism 
of death IS the sudden release of pressure below and the herniation downward 
of the cerebellar tonsils and the medulla oblongata into the foramen magnum 
It IS well known that in patients vvith increased intracranial pressure the cerebel 
lar tonsils are pushed down below the foramen magnum and the indentation 
caused by the foramen is a common sight at operation However if such a 
patient were to have a spinal puncture with a sudden release of the cerebral 
spinal fluid from below, there is a very great possibility that the tonsils and the 
medulla would drop rapidly into the foramen magnum and cause a respiratory 
death in a few minutes 

I have seen the mechanism work in children and in adults with dramatic 
rapidity even in the absence of a spmil puncture 1 went to visit one young 
patient on the morning before a cerebellar operation and found him alert but 
vomiting I went to look at the chart and when I Came back the nurse told me 
that he had stopped breathing Immediate venincular puncture artiflcial res 
piration and vanous forms of sumulating medicauon failed to restore his breath 
mg At postmortem examination an astrocytoma of the cerebellar hemisphere was 
found with a marked forammal herniation of the tonsils and the medulla ob 
longata 

This IS by no means an isolated example If clear spiml fluid is obtained and 
the pressure is high over 30 cm I believe the safest thing is to discontinue the 
procedure immediately Such a paoent should be m a place where immediate 
neurosurgical intervention could be earned out I have often wondered what 1 
would do if the emergency occurred to me while doing a spinal puncture and 
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I deaded that I would ha\c at hand jtcnle salt solution which I would immc 
diatelj forcibI> introduce into the spinal canal— that is about 10 or 15 cc of it 
At the same time the foot of the bed or table should be raised Tliat, of course, 
would onlj be a proper plan if it itnmcdiatcl) succeeded, for actually the onl> 
thing that can be expected to help under the circumstances is an immediate acn 
tncular puncture with the release of pressure from abmc Tins means shising 
the head and putting a burr hole in the parietal region Howeter, as I mentioned 
before the outlook once the condition has started is cxtrcmel) poor Do not 
proceed then if there is clear fluid and a marked!) increased intracranial pres 
sure Under no circumstances compress the jugular veins of patients with in 
creased intracranial pressure 

Surgical shock is a contnindicitton to puncture It niaj sccin un- 
nccessnrv to mention this, but m m> experience patients arc freiiuentlj 
seen in surgical shock xMth head injuries m xvhoni a spinal puncture 
IS being done to obtain information which is not important at the 
moment Patients with head injuries suffer from a form of surgical 
shock and ana interference with them m this condition is unwarranted 
Spinal puncture, harmless as it rua) seem, can onl\ contribute to the 
depressed condition of the patient and the information obtained dur- 
ing surgical shock is of rclatiaelj little \aiuc 
Spinal puncture should not be done on patients with spinal fluid 
leaks, especialla those associated with skull fracture The withdrawal 
of fluid through the needle ma\ reaerse the floaa of fluid which is 
escaping from the ear or nose Though this is onI> temporary, fluid 
may return to the subarachnoid space which has been jn contact avich 
unsterile external tissues In the case of the nose ilic tissue maj be 
laden aaith bacteria Before the daas of the sulfonamides meningitis 
aais a much dreaded disease Certainly a therapeutic spinal puncture 
could not be needed in such a case 

SEQUELAE OF SPINAL PUNCTURE 

By far the commonest of these is spinal puncture headache It is 
thought to be due to leakage of spinal fluid through the dura into the 
extradural tissues Special needles have been devised to perform spinal 
puncture in which a large bore needle is used down to the dura and a 
small bore needle is introduced through the dura They fit into one 
another in a special manner Spinal puncture headache is said to occur 
tery much less following the use of this instrument Special methods 
of introducing spinal puncture needles have been employed and vari- 
ous hints have been given about not turning the needle m its long 
axis This turning is said to enlarge the hole in the dura thus causing 
a spinal fluid leak It is not at all clear that this is the mechanism of 
spinal puncture headache for it js a rare complaint in those with 
pathological spinal fluid It nearly alwavs occurs in individuals with 
normal spinal fluid who have had the spinal puncture done for diag- 
nostic purposes Patients w ith sy-philis and other organic disease rarely 
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complain of spinal puncture even when thfty have their spinal punc- 
ture and uventy minutes later are on their way home 

One of the characteristic features of spinal puncture headache is 
that the patient has it only when the head is raised and has no head 
ache with the head lowered This change n practically instantaneous 
When the headache occurs the usual procedure is to keep the patient 
flat for nventy-four hours after the puncture tvithouc a pillow, he is 
allowed to turn from side to side, but he is not allowed to raise the 
head The head of the bed is gradually raistd over a few hours until 
the symptom disappears There is no special treatment employed for 
persistent spinal puncture headache, except to keep the head lower 
than the feet and gradually to elevate the head of the bed until the 
headache is gone This may take several days A gram of codeine and 
10 grams of aspirin every four hours will relieve the majority of the 
patients 

Another sequela of spinal puncture is the occasional exacerbation 
of symptoms m the patient with a spmal cord tumor m whom the 
jugular veins have been compressed m a test for spinal block Some 
spinal cord tumors be loosely m the subarachnoid space and when the 
pressure is increased they may be forced down into a new position 
causing traction on nerve roots which increases the pain When symp- 
toms are accentuated in such cases it tends to confirm the diagnosis 
of a spinal cord tumor 

FALUCI6S Of LUMBAR PUNCTURE 

Little has been said in the literature of the possibility of the wrong 
interpretation of fndtngs in perfonmng tests for spinal block and yei 
It frequently happens The surgeon should always be present when 
spinal block is being tested for, unless he can absolutely rely on the 
person doing it for him A common mistake is stating that there is not 
a block when there is one This results from a mechanism which I 
shall describe. 

We shall assume that the patient actually does have a spmal block and the 
needle is in place and the pTocedure js being employed to asccnam the presence 
of block As the operator's assistant compresses the jugular veins the pauent 
strains holds his breath and bears down On account of the arrangement of the 
abdominal veins, thoracic veins and e«radural Vtms die pressure within the 
spinal canal is raised and the fluid m the manometer rises, and the interpretauon 
IS that there is not a spinal block The patient should be warned not to bear 
down, hold his breath or strain at the time when the neck is grasped or a 
negauie result may be obiained A false poutne result may be obtained if at 
the moment jugular pressure is applied, a spinal nerve toot floats up against th« 
end of the needle, the fluid would then fad to rise m the manometer 
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region ihe total protein is not likely to be so conspicuously raised, but an clc 
\aoon of from 100 mg to 200 mg per 100 cc could be expected Tlic normal 
total protein is from 20 to 40 mg per 100 cc Wljen there is a discrepancy be 
nveen the total protein and the spinal fluid block the puncture should be re 
peated Incidentally, the total protein is tcchmcall> tliflicult to estimate and unless 
the technician who does it is well informed on the subject, erroneous results 
are likel> to be obtained here also 

Another fallac> connected with liiinbar puncture is that in connec- 
tion with estimating lateral sinus tJjroiubosts The superior sagittal 
sinus empties much more compIercl\» as a rule, into the right literal 
sinus than into the left, so thic in the normal mdtviduil, when the 
right juguhr \cin is compressed, there is a much more prompt and 
complete rise thin when pressure is applied to the left jugular \ein 
There are anatomical cases m which the left literal sinus is very small 
and it IS conccnable that such a patient might liavc a thrombosis of 
the lateral sinus in which, if this test were cmplojed, a wrong miprcs 
Sion would be obtained It is true that the otolar> ngologist would 
ne\er relv solel) on jugular compression to form a diagnosis, so that 
there is little chance that this anatomical peculiarity w ould be of much 
significance 

Another fallacj is that of tr>’ing to cstimitc increased incracnnial 
pressure 'u.ithout the vianouteter If this notion is persisted in, your 
guess IS as good as mine, and ic is onl> a guess It is true that for many 
years estimates hi\e been made of increased intracranial pressure with- 
out the spinal manometer, but there are a large number of cases m 
which the characteristic squirting of the fluid is not obtained and yet 
the pressure is increased Much more accurate and responsible results 
will be obtained by using a spinal fluid manometer 

CISTERN PUNCTURE 

Under exceptional circumstances it ma) not be possible to enter the sub 
arachnoid space in the lumbar region and recourse will be had to the cisternal 
route The method is panicularly applicable in institutions and in elderly pa 
uents in wbom periodic examinations of spinal fluid are required Ic is actually 
easier m elderly persons, by one experienced, to introduce the needle into the 
cistern At other times the cisternal route may be used to introduce lipiodol, 
sera or penicillin I bclicxe that it best not be attempted by those unfamiliar xvith 
the method 

The procedure, in brief, is to place the patient on the left side with a pillow 
or sandbag under the head so that the spine is absolutely horizontal from the 
occipital protuberance to the sacrum The neck is bent slightly forward The 
in the nudhne betxveen the second cemcal spine (the first cervical 
vertebra has only a rudimentar) spine and no intervertebral disk) and the ex- 
erna occipital protuberance is identified in the midline of the neck A wheal is 
raise with novocaine followed by infiltration of the deeper tissues of the liga- 
mentum nuchae The direction of the puncture is from this point m the nudhne 
joining the roofs of the orbits A heavier and suffer needle than that 
the fi*” spinal region is advisable It is carefully introduced in the rmdline in 
, described unul the charactensuc pop of the dura is obtained or 

spinal fluid is obtained Bony resistance maj be met and the needle point 
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complam of spinal puncture even 'when the) have iheir spinal pvmc 
tyre anrf twenty minutes later are on their way home 

One of the charactcrjsttc features of spinal puncture headache is 
that the patient has it only when the head is raised and has no head 
ache with the head ion ered This change « practically instantaneous 
When the headache occuK the usual procedure is to keep the patient 
flat for twenty four hours after the puncture without a pillow, he is 
iWowed ro ttirn from side to side but he is nor allow cd to raise the 
head The head of the bed is gradually raised over a few houre until 
the symptom disappears There is no special treatment employed for 
persistent spinal puncture headache except to heep the hejd hnier 
than the feet and gradually to elevate the head of the bed until the 
headache is gone This may take several days, A gram of codeine and 
10 grams of aspmm every four hours xvjll relieve the mafority of the 
patients 

Another sequela of spinal puncture is the occasional exaceri>aoon 
of symptotm in the pauent with a spmal cord tumo? in whom the 
jugular veins have been compressed m a test for spmal block Some 
spmal cord tumors he loosely in the subarachnoid space and when the 
pressure is increased they may be forced dotvn into a new position 
causing cfsctjon on nerve roots which increases the pam When symp 
toms are accentuated in socli cases it tends to confirm the diagnosis 
of a spinal cord tumoc 

fALUClES OF LUMBAR PUNCTURE 

Little has been said in the hieraturc of the possibility of the 'wrong 
interpretation of findings in -perfomnng tests for spina/ Wnci and yet 
It frequently happens The surgeon should alwajs be present when 
spinal block is being tested for unless he can absolutely rely on the 
person doing it for him A common mistake is stating that there is not 
a block when there is one This results fiom a mechanism which I 
shall describe 

We shall assume that the pacieiK actuaMy does have a spinal blocL and the 
needle ss in place and the procedure « being employ ed to astertsm the presence 
i>! M the optrators jissi raw rc»»;>Jfssf5 she ^inyular vesns ihe pauent 

strains holds his breath and bcaK down On account of the arrangement of the 
abdommaJ veins thoracic mns and extradural veins the pressure •within the 
spinal canal is raised and the fluid in the manometer rises and the incerprccaaos 
IS char there is nor a spinal blocL The patient sliouW be tvarned not ro bear 
down, hold his breath or strain at die cm* when the neck is grasped or a fake 
nesttwe lesulc may be obtained A /«Jw positive result may be obtained if a' 
the moment jUgiilar pressure « appli^ a spmal nene root floats up aga nst the 
end of the needle the fluid would then fail to rise rn the manomerer 

False negative results can be ohccked against the total protein there w 

a spmal block the total protein of the spinal fluid is rai ed espeewH} if the 
block IS low in the canal A veiy high prote n may be obtatoed anyth 
from :C0 mg to 2000 mg per IQO cc WTien the bfocL « higher up in the cern«' 
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ANATOMY 

Tiif th\rojd gland consists of n\o lobes joined b\ nn isthmus from 
which a snnll projection called the p^rimidil lolic usinl!\ extends 
upward The lobes are atticlicd to the anterior and lateral aspects of 
the lar>n\ and upper trachea The isthmus oaerhes the second and 
third tracheal rings Except in thin persons, the nonnal th\ roid is not 
palpable Proceeding from the skin posteriorU the structures o^erK 
ing the th} roid are skin, fat, superficial fascia, plat\ sma muscle, deep 
ceraical fascia, sternothx roid and stcrnoh\oid muscles The carotid 
sheath lies just posterior to tlic lateral edge of the thjroid which pro 
jects against the inner border of the stcrnomastoid muscle A capsule 
of \ariable thickness extends around the thxroid The glind is held m 
position somewhat b\ tlic suspensorx ligament which attaches the 
capsule to the thj roid cartilage 

The blood suppU of the thj roid gland is pro^ idcd b\ the superior 
and inferior th\ roid arteries and the tiu roid ima arterx w Inch sends 
branches to the medial border of each lobe These branches are not 
constant The superior th) roid ancrx arises from the external carotid 
artery and pierces the superior pole of the gland where it divides pro 
fusel) The inferior thxroid ancr) arises from the thxroid axis It 
usually divides into two mam branches before piercing the gland The 
'cins are numerous, the most important one being the middle th)roid 
'em which empties into the internal jugular vein The middle thxroid 
'em IS frequentl) not recognized and when torn can gixe rise to an 
enormous amount of troublesome bleeding 
Perhaps the most important adjacent stnictures are the recurrent 
arxngeal nerxes which arise from the vagus nerxe On the right side 
the nerxe proceeds downward, loops around the subclavian and then 
continues upward into the groove between the trachea and esophagus 
Xing adjacent to the posterior capsule of the th)roid On the left side 
the nerve proceeds downward, loops around the aorta and then con 
tmues upward into the tracheo esophageal groove The relationship of 
^^^"Seal nerves to the fork made b) the branching of the inferior 
thvroid alter) is variable Berlin and Lahe>' noted that in eighteen of 
went) t hree cadavers the nerve on the right was anterior to the ar 
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thetic when cardiac damage is present, particularly if there is a historj* 
of irregularit)'. 

The patient is placed on the table with a small pad behind his neck. 
In my opinion, this position presses the thyroid for\vard and makes 
dissection easier without interfering with the ali^vay or anesthesia. The 
head should be held straight, avoiding rotation. Lifting the chin up- 
ward or rolling the head backward improves exposure somewhat and 
appears to improve the ami ay. I prefer to have the head and chest of 
the patient elevated. 



Fig 63.— With the neck eictendcd on the operating table the incision must be 
high to keep it from retraenng onto the thorax when the normal position is 
assumed The muscles are split in the midlme and retracted to expose first the 
right lobe. The thyroid ima vessels and the superior vessels are ligated and cut 
as shown 

The incision should not be made until the patient is completely 
under the anesthetic. Premature incision may give rise to laryngeal 
spasin which may become severe enough to require intubation. The 
anesthetist should be prepared at all times to do an intubation at a 
moments notice in case severe laryngeal spasm develops or one or 
^^current nerves are injured. 

Subtotal Thyroidectomy.— A collar incision is made, beginning at the 
" stemomastoid and extending from one side to the other 

a out 2.5 cm. above the upper margin of the clavicle. When the pa- 
lent assumes a normal position, the scar of this incision will be lo- 
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cated just o\er the suprasternal notch so that it can be hidden b> a 
string of beads The incision is made through the plat>snia muscle, c\ 
posing the deep fascia, but must not be so deep as to sever the anterior 
jugular vein or its major branches The upper skin flap must be dis 
sected from the deep fascia upward at least as high as the thjroid 
notch This can be done b\ sharp or blunt dissection although m most 
cases blunt dissection b> a finger or thumb covered with gauze will 
rapidlv mobilize the flap The lower flap must be undermined down 
to the suprasternal notch Without this undermining, exposure will be 
poor and an cas> approach ma> be difliculc The deep cervical fascia 


pjj, 64 — Afcer the ^ essels in the posterior capsule arc controlled by numerous 
clamps tiic gland is amputated keeping the line of incision close to the posterior 
capsule lest too much th)roid remain 

IS split in the midlinc the incision being made between the anterior 
jugular veins in order ro avoid Weeding If the incision is carried 
down toward the suprasternal notch it maj cut across one of the 
veins since they frequently converge at this point If the two veins 
join high one will have to be Lgated in order to allow sufficient et 
tension of the incision dow nvvard to the suprasternal area Care should 
be taken when cutting tissue wirhin this region to occhidc incised 
veins promptlj so that air embolism will not develop It is well to 
ligate bleeding points incurred diu'ing dissection before the tlnroid n 
iiiobibzed 

The sternothyroid and sternohv oid muscles arc then separated from 
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the thjroid lobes b\ blunt and sharp dissection Iloth lolies iin\ be 
mobilized before cither lolic is dissected, 'ilthough niobib/anon nii\ 
be done as each lobe is approached After the muscles arc dissected 
from the thsroid thc\ can be rctrictcd latcralK to afford sufficient 
exposure, pirticularb if retriction is hinited to one side ar a time 
If the gland is large or the upper pole extends high up bcliind tiic 
ramus or the mandible, it max be desirable to section the sternoln oid 
and sternothx roid muscles transxcrbcK, although I rarcK follow this 
procedure If this is done the imiscles should be cut at a high Icxel 
in order to presen c nerxc suppK 1 prefer to insert the Ochsner for- 



ceps from the lateral side toxxard the midline When this is done, the 
handles of the forceps fall back out of the operative field and are 
not constantlj falling forward into the field Cutting these ribbon mus- 
cle when exposure is difficult will prevent strenuous traction which 
is harmful to the tissues If it is difficult to expose the posterior surface 
Sland because of fixation or some other complication, section 
of the muscles is strongly indicated After the muscles are cut, both 
ends of the anterior jugular vein should be isolated and ligated before 
the wound is closed 

Muscle fibers and the capsule are stripped from the th)roid from 
the medial toward the lateral side, with the finger covered with gauze 
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Application of forceps to the lobe miH usually allow sufficient mobi 
Iization anteriorly to expose the gland and the superior thyroid vessels 
With a blunt nosed Pean hemostat the upper pole is isolated, clamped 
and doubly tied I prefer cotton for all ligatures, using a No 20 cor 
ton for the superior and inferior thyroid artery and No 40 or 60 for 
the rest of the vessels Double ligation of the nvo mam arteries mar 
prer ent disaster m case one suture slips or comes untied After the 
superior thyroid pole is ligated, the lobe is rolled forxvard, and the 
remaimng attachment of the upper pole is clamped with a Pean hem 
ostat allowing the entme upper portion to be rotated anteriorly and 
medially I then ligate the ima vessels, dissecting toward the midlme 
and exposing a small portion of the trachea This exposure of the 
trachea will be found most adrantageous in determining the direction 
of the cut through the base of the gland with the scalpel as the trachea 
IS approached Only a few hemostatic clamps should be allowed to 
accumulate in the wound because their weight may impede the pa 
tient’s breathing, furthermore if a large vessel should be opened, it 
IS frequently difficult to control hemorrhage when several hemostats 
are m place around the bleeding poinr 
The lateral portion of the lobe and the lower pole are then mobi 
Iized by blunt dissection, and the lobe is gently rolled toward the 
midlme to expose the posterior tissues Frequently, particularly in nod 
ular glands, large projections of thyroid tissue will be encountered 
posteriorly These may be left until exposure of the posterior capsule 
IS obtained It should be emphasized, however, that this rotation of 
the lobe should be performed gently and no instrumentation should 
be allowed along the posterior capsule that might injure the recurrent 
ncr\es or the parathyroid glands Dissection along the lateral border 
will expose the middle thyroid vein which should be isolated, clamped 
and tied All \ cssels along the lateral and inferior edge of the thyroid 
lobe are clamped by taking bites in the capsule at frequent intervals 
For this purpose Ochsner forceps are preferable since they will not 
tear out as readily as other smaller forceps On other occasions, I wish 
to stress the advisability of using small forceps wherever possible to 
a^oid trauma After this row of hemostats is placed m position the 
lobe is amputated by incising it with a knife from the lateral edge 
ttrwari tVit tiacVita W tVieit n> wme dwftA -Aitm xVit dtpiVi of the vea 
the knife blade may be guided by the index finger placed posteriorly 
against the posterior capsule On certain occasions when the posterior 
capsule IS thick and a fairly complete th> roidectomy is desired, blunt 
dissection and cutting with a curxed Alayo scissors will allow a more 
complete thyroidectomy with added safety 
At no time should the posterior capsule, particularly near the midhne 
and the low er portion, be included m a hemostat bite, unless the re 
current nerve has already been isolated and is not in the way As a 
rule I do not isolate the recurrent bryngeal nerve unless the nodules 
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seem to project in that region or some other anomaly is present. It is 
surprising how readily the nerve may be injured with a clamp unless 
It actually is dissected free from the adjacent tissue. Naturally, any 
dissection of the ncn'c must be done carefully to avoid trauma and 
temporaiy paralysis. 

Hemostats arc placed on the thyroid tissue and on \essels as they 
are encountered to prevent the \vound from being flooded and ob- 
scured by blood. After the inner edge of the lobe is cut across, the 
trachea will come into view. This cut through the thyroid toward the 
midlme can be made w’ith more safety to the trachea if the trachea is 



goiter. Note that 2 or 3 gm of tissue remain on each side after removal of the 
thyroid lobes. The edges of these amputated surfaces may or may not be in- 
terred tvith interrupted sutures 

exposed for a short distance under the isthmus before the incision 
through the lobe is started. By sharp or blunt dissection the trachea 
IS separated from the isthmus, and all vessels are tied on that side of 
the operative field. Suture together of the rvvo edges of the remaining 
thyroid tissue will improve hemostasis if any oozing remains. Some 
surgeons suture the lateral edge of the remaining thyroid tissue to the 
ttachea but I rarely resort to this practice unless the fixation can 
he accomplished without any danger of injury to the trachea wall. 
If bleeding is very profuse in the remaining tissue, ligation of the in- 
ferior thyroid will be indicated. It will be found by continuing dis- 
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section posteriorly. When the ligature is pldced, care must be exer- 
cised not to include the nerve Care of the thyroid bed as just de- 
scribed IS usually left until the left lobe has been removed 
Methods for removing the left lobe differ somesvhac, but I prefer 
first to ligate the superior pole and then to dissect the lobe from the 
tracJiea by sharp dissection As rhe region of the recurrent Jar> ngea! 
ner\e is approached, the thyroid capsule is left m position by cutting 
through this area with a bnife Ochsner forceps arc then applied to 
the capsule on the lateral and inferior sides, preparatory to amputating 
the lobe The cut is made here in a way similar to that described on 



Fig 67 —Removal of an adenonu m 'vludi all of ihc thyroid tissue is excised 
The artery forceps control all the bleeding points but with sharp dissection the 
entire adenomatous lobe has been remoted from its capsule thereby leaiing no 
thjroid tissue The nene is shown well mfenor to the operamc field but ma> 
be displaced to almost any nearby posmon by an adenoma 

the right side, leasing the posterior capsule and two to four grams of 
thyroid tissue, depending upon the type of gland. In general, patients 
who are extremely’ toxic but ha\c small glands should have no more 
than 1 or 2 gm of thyroid tissue left on each side, while patients who 
are only' mildly’ toxic and have large glands may’ have 4 to 6 gm of 
thy roid tissue left on each side without dinger of recurrence of sy’iup- 
toms. In toxic nodular goiter there is much less tendency to recur- 
rence but effort IS usually made to malvC a fairly complete excision of 
the degenerated thyroid tissue 

In my opinion, cotton is preferable to silk or catgut for ligatures 
1 he incidence of infection is much low er w itii cotton than w irh cat- 
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gut It IS true, Iiowcscr, tint if infection dc\ clops, sinus formation 
nns be prolonged because of the presence of nonabsorbable sutures, 
some of a\bich ina\ be extruded Houcser, this complication has not 
been of consequence in m\ experience It is important not to place 
ligatures close to the skin, since thc\ will tend to work toward the 
surface Bleeding points in the skin and subcutaneous tissue on the flap 
immcdntclj adjacent to the skin can be controlled bx nking deep 
bites with the skin suture or large lutes with skin clips, depending upon 
which are used 



tig 68— The nbbon muscles arc approximated m the midlme b> interrupted 
sutures Complete repair as illustrated is important because the sl^m may adhere 
to the trachea if muscle is not interposed, adherence of skin to the trachea is a 
troublesome complication sihich usuall> requires operame correction If cotton 
or sill,, is used (as recommended b> the author) a dram is not necessary 

Complete Thyroidectomy— There are three indications for a com- 
plete thjroidectomj, at least on one side (1) large unilateral or bilateral 
adenomatous glands xvithout normal thvroid tissue to the posterior 
surface, (2) an) toxic diffuse goiter in xxhich considerable cardiac 
damage is present, and (3) carcinoma 
Toxic Nodular Go/rer —When the adenoma is located on one side 
and occupies practicall) the entire lobe, the th)roidectomy is usuall) 
made complete on that side When there is considerable elastic and 
loose fibrous tissue associated with the posterior capsule, the lobe may 
e resected so far from the neighborhood of the recurrent laryngeal 
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nerve that isolation of this structure will be unnecessary Even then 
clamps applied to the posterior portion of the gland should be placed 
close to the gland itself so that the nerve cannot possibly be injured 
even jf it is pulled upward in the fibrous tissue with the thyroid lobe. 
If the thyroid lobe is anchored fairly firmly adjacent to the trachea 
and esophagus, dissection must be made carefully m this region, and 
the nerve muse be identified before the lobe is removed 
When both lobes of the thyroid are involved in the nodular degen 
eration, bilateral total thyroidectomy may he indicated, particularh 
if no tissue resembling normal thyroid can be seen on the posterior 
surface If all of the gland is degenerative, there is no reason for leav 
mg any of it since it vv ould probably have no thyroid function any 
way A complete thyroidectomy therefore may be the procedure of 
choice Leaving a few grams of tissue can do nothing more than pro 
tect the surgeon against injury to the recurrent laryngeal nerve or 
removal of the parathyroid glands 
Toxtc Diffuse Goiter v,tth Cardiac Daiimge —Cardiac damage is 
more commonly encountered m toxic nodular goiter than m toxic 
diffuse goiter However, regardless of the type of gland present, in 
dicaiions for complete thyroidectomy are fairly definite if the cardiac 
lesion IS more than a temporary and insignificant one The purpose 
of performing total thyroidectomy is to produce hypothyroidism 
thereby diminishing the load on cardiac function The complete thy 
roidectomy is performed somewhat as described above, it is usually 
advisable to isolate the nerve unless as mentioned previously, the lobe 
-v can be resected from its bed without the possibility of pulling the 
nerve forward into the field Cenainly the adoption of identification 
of the nerve before the excision of the lobe m a total thyroidectomy 
IS a safe procedure and will unquestionably eliminate many instances 
of injury to the nerve Since patients in whom such a complete opera 
tion is contemplated are practicallv always in the latter decades of 
life the need for preservauon of parathyroid glands is not so acute 
It IS well known that complete thyroidectomy can be performed in 
such patients with an extremely low incidence of parathyroid tetany 
When tetany occurs, it is practically always mild, and it responds 
well to dihydrotachy^tcrol milk and calcium 
Carcinoma —Complete thyroidectomy and a neck dissection will be 
indicated when carcinoma of the thyroid is present Unfortunately, 
many cases will be encountered m which a definite diagnosis cannot 
be made before operation Hoiveier, j( one- recalls that carcinoma is 
much more common m solitary nomoxic npdules failure to recognize 
the presence of carcinoma will be les^tjed The degree of fixation to 
the adjacent tissue will help to some extent m'^identifymg the lesion 
as catcinoma, but it is by no means pathognomonic since fixation can 
be produced by thyroiditis, including Hashimoto s and Riedel s type 
Cutting into the thyroid after a lobe is removed will be of great help 
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m identifying the presence of a carcinomatous area Obviously, if evi- 
dence of invasion bc>ond the th>roid capsule can be found, a diag- 
nosis of carcinoma is fairly definite When the diagnosis of carcinoma 
IS made, a total thyroidectomy should be performed on the affected 
side and a subtotal thyroidectomy on the nonaffcctcd side The ex- 
tent of the lesion will determine whether a neck, dissection should be 
done on both sides or just one The indications and technic of neck 
dissection are discussed in detail in another article in this volume 
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NECK DISSECTIONS INDICATIONS AND TECHNICS 
Danely P Slaughter, M D • 

Death resulting from cancer arising m the structures of the head 
and neck is so often due to ccmcal metastases that this phase of the 
disease is of equal or greater concern than the treatment of the pn 
mary lesion Treatment of the pnmarj lesions has become so efficient 
that only the mmont) of treated patients die from the effects of the 
tumor at its sue of origin or from the results of its treatment In 
many cases when the pnmar> tumor cannot lie eradicated the patient 
maj be lemporanl) sahaged b> the classical surgical bj pass of 
tracheostomy or gastrostom> These cApedicncies still condemn the 
patient so afflicted to succumb to the sccondar> deposits It is obsious 
that the control of the metastatic disease is of prime importance in 
cancers arising m the head and neck It ma> seem unnecessary to em 
phasize such a point but the majont> of cancer patients defined as 
incurable at their first e\amtnaiion m the tumor clinic are those Mhosc 
pnmarv lesions base been treated elsewhere without adequate follow 
up or consideration of metastatic imoUemcnr 

MECHANISM OP METASTASIS AND RELATION TO RATIONALE OP TREATMENT 

It is apparent that earl> in tl e course of metastasizing ep thelial tumors the 
process is one of cell emboLsen through l>*mphaucs If this were not so it would 
ncsei be possible to cure a patient by obliterating a pnmar) lesion and then re 
moving n ctastanc disease m regional nodes vvithoit excision of all intervening 
tissue L>mphatic permeauon where lymphatics arc filled with tumor cells c\ 
tending front the primary to the regional nodes occurs late in the course of 
mabgnant tumors after Ivmphatic blocLade is produced by tumor growth in 
nodes This late stage is for all practical purposes incurable 

\^ith the exception of thyroid tumors and melanomas most cancers m the 
head and neck confine their metastauc activities to the lymphatic pailtways Only 
occasionally do the usual epidermoid carcinomas arising m this region invade the 
d rccr venous return system to the lungs or gam access to the prevertebral 
venous system Because of this preponderance of lymphatic metastasis m head and 
neck cancer most of these tumors remain confined to the region above the 
c^avides tVittfogVitjut then cooTse a fact vs TiCA svifficwTiiy appietvattd 

This IS important because it defines the problem of treatment as one of local 
" of most head and neck can 

It of the spine long bones 
V the head and neck area it 
will recur in tl at region and kill the patient from local effects Braund and 
Martin^ in a review of autopsies on patients dying from head and neck cancer 
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state that in onlj tssent) three per cent were mctastascs found below the clavicles 
Obvious!) this IS licciuse a fatal outcome in these cases occurs before the tumor 
had an opportunit) to spread further 

OcptiKhnit upon anatomic location and puhologic propcmit), malignant tu 
mors have fairl) definite patterns of metastasis Since the great niajont) of such 
lesions arising m the head and neeJ arc pnmar) epidermoid carcinomas in tlie 
mucosa of the upper air and food passages or <»f tlic skin tiicir behavior is pre 
dictabic within certain limits 1 rcanncnt of the mctastascs from such lesions de 
pends upon a recognition of these behavior pittcms Tor instance we do not ex 
peer a carcinoma of the left buccal miicosn to metastasize first to a node in the 
right neck Ncitlier docs a carcinoma of the lower hp usuall> appear first m a 
node low m the posterior triangle on the same side 

A distinct trend in the pattern of metastasis of head and neck, tumors is their 
tcndenc) to unilateral spread Tlic anatom) and ph>siolog) of the lympliatics 
confines cell embolism from an earl) primary lesion to one side of the neck 
Bilateral cervical mctastascs seldom occur early unless the primary tumor extends 
across the midlinc, or until the cervical lymph nodes on one side arc blocked to 
a degree causing reversal of lymphatic flow Such ohstniction to lymphatic flow 
may be due to blockade b) extensive mctastascs in advanced eases or by surgical 
removal or radiation obliteration of the lyanphatic system on one side This 
mechanism of contralateral metastasis explains tlie generally accepted preclusion 
of regional node dissection before the primary tumor is eradicated 

There is a fairly direct lymphatic drainigc from any given anatomic site to 
the first interposed lympli node bur there arc so many intnutc variations that only 
groups of nodes have clinical significance Roughly these groups arc arranged m 
echelons in order of metastatic involvement These primary echelons of nodes m 
the neck have been described and illustrated by Taylor and Nathanson" m their 
book on lymph node mctastascs The clinical difliculry m determining the exact 
extent of cervical mcmtanc disease, however makes these considerations mainly 
of theoretic interest For practical purposes one of the two general types of neck 
dissection is applied to all eases suitable for dnsccnon These types will be dis 
cussed below 

Of more than theoretic interest liowcver is the fact that usually groups of 
nodes rather than a single node arc involved by metastatic disease by the lime 
the patient is seen as a clinical problem Tins may not be apparent clinically, but 
examination of dissection specimens m the pathology laboratory demonstrates 
multiple node involvement as a rule Tliis factor of multiple node involvement 
nas an important bearing on the indications for surgery or radiation in the therapy 
of cervical metasraric cancer 

RADIATION VERSUS SURGERY 

There is no question that & single node metastasis of moderate size 
wn be obliterated b\ radiation methods m a high percentage of eases 
his IS usually best done by a combination of external x-radiation and 
interstitial radiation in the form of gold radon seeds, or by the use of 
seeds alone Hoyveyer the sterilization of a single focus of metastatic 
cancer js not the problem The myohement of groups of nodes, and 
tiple echelons of node groups requires application of radiation to 
an impossibly yyide area A thoroughly cancerocidal dose of radiation 
annot be deliy ered to one entire side of the neck because of tissue 
erance limits To deliver such a dose of radiation in anj combina- 
lon of methods would result fatally Block dissection of the neck is 
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the only alternatue at the present tune that will give a reasonable 
cure rate jn cervical metastatic cancer 
Combinations of radiation and surgery are frequently useful, and 
are often utilized when operable cervical metastases are present when 
the patient is first seen Radiation may be used m such a situation to 
retard the course of the cervical disease until the primary lesion has 
received definitive treatment When the primary lesion is eradicated 
neck dissection may be undertaken Although it will be someuhai 
complicated by the preceding irradution, it is still feasible 
The casual and irrational use of radiation as prophylaxis against cer 
vical metastases is to be strongly condemned There is a prevalent mis- 
conception among physicians that “a little x-ray” to the neck is a good 
thing m patients w ith mtmoral or hp cancer Nothing could be more 
illogical, as in patients without cervical metastases the radiation is 
affecting only normal tissue, and in those tvtch metastases, even occult, 
the light doses used accomplish nothing, except to confuse the situa- 
tion 

INDICATIONS AND CONTRAINDICATIONS FOR NECK DISSECTION 
Neck dissection should be done for merasraric cancer when the 
metastases are clinically demonstrable, when the nodes are movable 
and discrete and when distant metastases are not detectable The con 
tramdications to neck dissection are essentially m three categones 
when other pathologic conditions, such as organic heart disease, are 
severe enough to preclude a major elective surgical procedure, when 
there is clinical evidence of distant metastases such as involvement of 
lungs, liver or other node groups, and when the involved cervical 
nodes are fixed to underlying structures It is a general rule that when 
metastatic disease is doubifull> operable, it is usually futile to attempt 
neck dissection xsith a reasonable expectation of cure Worthwhile 
palliation may be achieved in selected instances of questionably oper- 
able lesions by implantation of radon "seeds” into residual tumor that 
cannot be removed 

The controversial points about the indications for neck dissection 
center about the twung of the operation The greatest difference of 
, > « « Rpfher or not to do a prophylactic dissection, that is 

’ R.’o.r Brovn 

, uith 

inrrauiJi ui i ^ ^ ' P^I 

pable Kennedy* concurs in this opinion anu loi ui^ w.. le has 
recommended that a suprahyoid dissection be done m all cases at the 
same time as the lip lesion is exased Contraiy to this conception 
Martin® behe\ es that neck dissecuon should not be done unless there 
is defimee clinical evidence that there is metastatic disease m the cer 
vical nodes He has presented cogent statistical reasons for his stand 
and has shoun that prophylactic neck dissections for lip and mtra 
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oral cancers is a great waste of time, the operatuc mortality equalling 
the potential cure rate in patients T\ith undetected metastases lie has 
also demonstrated that the cure rate in patients witliout demonstrable 
neck metastases is approximately the same x^hether or not neck dissec- 
tion IS done This last is a fairly conclusnc argument against prophx- 
lactic dissection 

On theoretic grounds it x\ ould seem preferable at least to dela> neck 
dissection until some weeks after the primary lesion is eradicated Such 
an interval of time would allow cells loose m the regional lymphatics 
to reach the regional node filter In most mtraoral cancers the primar> 
lesion and the regional nodes cannot be remoxed without leaving the 
lymphatics betxvecn them, and therefore the principle of “excision and 
dissection m continuity’ ^ cannot be achicx ed The classical operation 
of this type is the radical mastectomy, m which the primarj lesion 
and the regional nodes, plus the intervening lymphatics, arc removed 
together in an cn bloc dissection Anatomically most head and neck 
cancers cannot readily be excised m this manner, and the lymphatics 
between the site of the primar> lesion and the metastatic nodes must 
be left m place 

These last considerations explain why neck dissections should not 
be done until the primary tumor is eradicated by cither surgical or 
radiation measures Another reason against prophylactic dissection is 
the ever present doubt as to the complete obliteration of the pnmarj 
lesion by the initial treatment 

I believe that ideally neck dissection should be delayed until there 
IS definite clinical evidence of metastatic disease in the cervical nodes 
This requires very careful follow-up and better control of the patient 
than IS always possible Because of this last factor, an exception may 
occasionally be made A prophylactic dissection may be done for 
tongue carcinomas in doubtful situations Such patients usually are 
clinic cases xvho live several hundred miles away and cannot return 
for adequate follow-up visits 

The operation of supraomohyoid dissection is indicated for metas- 
rases from unilateral lip and anterior face cancer and for minimal 
metastases from cancer of the gingiva and buccal mucosa In well 
selected instances of cancer of the floor of the mouth or anterior 
tongue, this operation is also permissible The radical neck dissection 
should be done for all patients in the above categories xvhose metas- 
tases are moderately advanced but still operable In addition, all metas- 
tases first evident in the mid-neck, at the level of the carotid bifurca- 
tion or below, should be attacked by radical neck dissection, the 
pr^isions of operability being observed 
The presence of bilateral cervical metastases has usually been con- 
sidered a contraindication to neck dissection for txvo reasons first, 
ecause bilateral cervical lymph node involvement is considered by 
many to be incurable by any method, and secondly, because com- 
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plete bilatenl neck dissection c\cn m stages has been thought 
impractical since it requires the removal of both internal jugular 
veins E\cision of both internal jugular veins is generallj regarded as 
evrreniclv hazardous 1 / not imariabl} fatal It has been demonstrated 
l)j Martin however that staged removal of both internal jugular veins 
IS a safe procedure In his clinic some thirtj patients have undergone 
bilateral neck dissections in stages without postoperative morraht) 
Some of these patients have experienced a moderate, transient ejan 
osis and Ij mphedema of the face follow mg the second stage, but there 
have been no sjstcmic sequelae and no ejeground changes in an) 
case Martin reports one five year cure m four cases of bilateral neck 
dissection and five three } ear cures m fifteen cases The remainder 
of his thirt) cases are of less than three >ears duration, and therefore 
not suitable for an) kind of end result reporting From the three 
vear figure of 33 per cent cures it is plain that the control of bilateral 
cervical nictastases bv neck dissection is possible The exact evaluation 
will however depend upon the five vear cures calculated on a larger 
senes Comparabl) bilateral groin dissections m carcinoma of the penis 
or vulva will result m a moderate number of cured patients 

Metastases from the htghiv malignant lesions arising m the naso 
pharynx and base of tongue of the so called iyinphoepitheUovn type, 
are not suitable for neck dissection These tumors ordinarily produce 
earl) and widespread bilateral neck metastases but they are more 
radiosensitive than the average epidermoid carcinoma in the neck 
Therefore irradiation methods will salvage as manv or more of these 
patients than will bilateral neck dissection 

CURE RATES 

Although cervical metastasis from head and neck cancer is often a 
death warrant for the patient it is by no means neccssaril) so The 
published cure rates from the treatment of cervical metastases are no 
triumph of therap) but the> do show that a fair number of patients 
can be cured by aggressive treatment of an otherwise 100 per cent 
fatal disease 

Afartin® has published a fair review of the results of neck dissec 
tions His figures show a 26 per cent fiv e > ear cure rate of histologi 
caffy proved cervicaf metastatic cancer This is an average figure aitd 
includes the cures of metastases from lip cancer, which are higher 
and those of melanomas and epidermoid carcinoma of the tongue and 
other areas which are much lower Reviews b) various other authors 
do not var) remarkabh from this figure (Tavlor and Nathanson 
Brown and McDowell,® Duffy • Blair, Moore and B)ars’®) 

Afartins most recent figures ^ as yet unpublished are as follows 

The net cure rate in 138 unilateral neck dissections performed on 
the Head and Neck Serv ice at Memorial Hospital fiv e or more y ears 
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ago IS about 30 per cent luing and free of discisc For these calcuh 
tions, onl\ those cases m whicli cancer was demonstrated histoIogicall> 
in the surgical material were counted All eases in whicii cancer was 
not found in the excised l\mph nodes were excluded The cure rate 
\aried somewhat depending upon the site of the pnniar> lesion For 
instance, in cancer of the lip the fixe jear cure rate following neck 
dissection x\as 33 per cent, and m the tongue 21 per cent 

TECHNIC OF NECK DISSECTION 

Dissection of the Ixmph nodes and I>mphatics of the neck can be 
done b) one of sex oral procedures Most of the operations arc varia- 
tions of txxo hasic procedures, which are the upper neck dissection 
and the complete neck dissection Either upper or complete neck dis- 
section ma) be done under local anesthesia, and until recent x cars the 
mortality rate of the operations xxas distmetlx better xxith local anes- 
thesia With the refinement of intratracheal anesthesia and the greater 
axailabilitx of xxcll trained nicdtca! anesthetists howdxer, I behexe this 
advantage to be nullified From both the patient’s and surgeons stand- 
point I prefer general anesthesia administered through an endotracheal 
tube the usual agents being c>clopropane or nitrous oxide and ether 

I Upper Neck Dissections —The unilateral partial or upper neck dis 
section is the classical subimxtUary or stipruhyoid dissection In this 
operation the Kochcr incision is used, starting from the mastoid proc- 
ess on one side and cun mg downxxard, forw ird and then upward to 
the midlinc of the chin (Fig 69, No 1) The skin flaps are dissected 
aboxc the level of the platvsnn muscle supcnorlv to a finger’s breadth 
above the lower border of the mandible, and mfcriorly to just below 
the level of the hvoid bone The platvsma is then incised within these 
hniits and the contents of the submaxillarx triangle excised Essentially 
this removes the submaxillar) gland and the l)mph nodes adjacent to 
It those along the facial artcrv and those of one side of the submental 
area This operation is utilized mainlv for mctastascs from carcinoma 
of the lower hp on the same side The same procedure ma) be done 
as a bilateral dissection bv carrv ing the incision from the tip of one 
mastoid process to the other, crossing halfwav between the mandible 
and the h)oid in the midhne When removal of the nodes is indicated 
m patients with lip cancer this bilateral suprah)oid dissection should 
be done if the priniar) lesion extends to or be) ond the midlme of 
the lip 

The submaxilhry dissection as outlined, either unilateral or bilateral 
3D incomplete operation It consists cssentiall) of removal 
o the tissues between the anterior and posterior bellies of the digas 
trie muscle, which has been proved to be inadequate m the light of 
sad experience 

The supraoinohyoid operation of upper nccl dissection has sup 
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planted the submaxillary dissection and now js considered to be the 
operation of choice whenever an upper neck dissection is indicated 



1 





2 



In this procedure the incision is smular to the Kocher incision, except 
that the transserse portion of the curve extends donmiard to the 
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level of the h> oid bone, allowing for greater retraction of the inferior 
skin flap The upper flap is correspondingly wider In addition a \cr- 
tical arm may be carried downward for an inch or two from the mid- 
point of the transverse incision (Fig 69, No 1) The dissection of the 
submxxillar>' and submental space is the same m this operation, the 
essential difference being in exposure and retraction of the stemo- 
mastoid muscle and internal jugular vein, with subsequent removal of 
the nodes surrounding the level of the carotid bifurcation This dis 
section requires ligation and section of the common facial vein, and 
more care is necessar> to avoid damage to the hypoglossal nerve at its 
point of crossing above the carotid bifurcation The tail of the parotid 
gland IS usually excised, sacrificing the lower branch of the facial 
nerve, causing weakness in the lower Iip on that side This operation 
may be done either as a unilateral or bilateral procedure, depending 
on the individual situation The advantages of the supraomohyoid dis- 
section are two first, a second echelon of nodes is removed in addi- 
tion to those primanly involved, which is always a wise precaution 
in cancer surgcr>' Secondly, this operation is applicable to the metas- 
tases from a wider group of primar>' lesions, including carcinomas of 
the lip, anterior half of face, buccal mucosa, gingiva, anterior floor of 
mouth and occasionally anterior tongue lesions Whenever metastases 
are found to be modcratel) extensive and advanced, however, this 
operation should be converted into a full radical neck dissection 
2. Radical Neele Dissection —Complete unilateral dissection of the 
neck IS an extensive operative procedure which involves removal of 
the sternomastoid muscle and internal jugular vein, and dissection of 
all triangles of the neck on one side The operation is actually less 
formidable than it sounds, being essentially a formal anatomical dis 
section in which removal of the sternomastoid muscle and internal 
jugular vein are done to facilitate the dissection rather than to enhance 
the possibility of cure This last is true even of vein invading thyroid 
cincers, because if they have invaded the internal jugular vein, the 
existence of distant metastases is practically a certainty To put it 
differently, complete dissection of the lymphatic tissue of the neck is 
e^emely hazardous and difficult to the point of being impossible if 
these two structures are not removed 
The usual incisions for radical neck dissection are outlined m Fig- 
^ Whether to turn up the platysma with the 
skin flaps or remove it with the dissection specimen is probably not 
important Leaving it attached to the skin possibly increases the blood 
supply to the skin flaps, but they heal well anyway If excision of the 
platysma is required to remove the tumor, the dissection is a waste of 
time as the disease is too extensive to be cured by the operation The 
surgical custom is to dissect the skin flaps external to the platysma, 
this muscle with the dissection specimen 
After the skin flaps are dissected back as indicated in the diagrams 
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the sternal and cHt icular ends of the stemomastoid muscle are divided 
Underl>jng this muscle the internal jugular vein is identified and gen 
tlv teased free so that it can be dmded and ligated without damage 
to the \agus ncnc The carotid sheath is then opened and the divided 
muscle and vein turned upward The dissection is then done lateral!), 
dividing the omohvoid muscle nt the clavicle and ligating the trans 
verse cervical and suprascapular vessels to the border of the trapezius 
The brachial plexus scalene muscles and phrenic nerve are bared and 
the dissection is then swept upward along the whole exposure Later 
allv the eleventh nene is the next structure of importance, and in 
some cases it ma) be saved b) very careful dissection Along the 
carotid sheath the dissection is straight forward up to the carotid bi 
furcation From this level upward major vessels are divided and ligated 
as the) are encountered Frequent anomalies particular!) of the veins 
are found which are difficult to describe The h) poglossal nerve should 
be preserved but the ansa h}poglossi must be transected At this level 
vv hen the h) oid bone and postenor bell) of the digastncus arc en 
countered, the submaxillar) space may be dissected proceeding from 
the inferior and medial aspect, so that this tissue mass ma) be removed 
m contmuit) with the main specimen The dissection is then coin 
pleted by removing the lower pole of the parotid gland and transect 
ing the stemomastoid muscle at its attachment to the skin and mas 
told process The last step of the dissection is division and ligation of 
the internal jugular vein This may often be done before the parotid 
and stemomastoid are cut across, particularly if there are high metas 
tatic nodes which ma) necessitate an approach from the internal and 
medial aspect After the specimen is removed, the skin flaps are ap 
proximaced and two Penrose drains are left in place A light pressure 
dressing of mechanics waste is applied Drainage from such wounds 
IS usually profuse, due to the Ivmphorrhca and area of cut surface 
exposed, but 1 believe tissue reaction and serous exudate are mini 
mized b) the use throughout of fine cotton. Nos 50 and 60, for a!! 
ligatures and sutures 


CARCINOMA OF THE THYROID 

AJahgnanf th>rojd rumors require separate consideration because 
they tend to metastasize both b) veins and by lymphatics, and be 
cause the) often are not diagnosed clinically before, or even in the 
course of surgical removal Thvroid cancers can be divided roughh 
into two categories, those in which the diagnosis is either obvious or 
suspected, and those in which the diagnosis of cancer is made onl) 
through microscopic examination of the surgical specimen This latter 
group of th)roid cancers is obviousl) the most easily cured, but the 
usual subtotal thv roidcctomv is not an adequate safeguard against re- 
currence Cole, Slaughter and Rossiter*^ have demonstrated that this 
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group usinlK occurs in patients \\ith i imihtcnl thxroid mass witii- 
ouc evidence of In perthv roidisni Therefore it is recommended that 
m the routine surgical rcmo\ il of unihtcnl nontoxic adenomas of the 
tinroid, a deliberate total hcmithvroidccfonn aluavs be done, with 
complete exposvirc of the recurrent hrjngcal nerve to avoid its injur) 



Fig 70— The end stage of the operation of radical th>roidcctom>, before ilic 
Posterior triangle dissection specimen is removed The internal jugular \cin is 
Usually ligated somewhat higher than is shown here This figure also illustrates 
the operation of radical neck dissection The differences bcusccn the two op 
Orations arc that the submavillarj tnangic is not usuall> dissected in the radical 
th) roidcctom) and the ribbon muscles and th>roid gland arc ordinarily not dis 
turbed in the radical neck dissection 

When the diagnosis of thyroid cancer can be made clinically or 
'cfified at the operating table, the disease is more extensive, and a 
more radical surgical procedure should be done The operation of 
radical thyroidectomy as illustrated jn Figure 70 is applicable to this 
Situation The incision is illustrated m Figure 69, No 6, and the opera- 
tion IS esscntiall) a radical neck dissection combined with total hemi- 
thv roidectoni) and removal of the strap muscles on one side In addi 
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non ro this the thjroid isthmus should be removed, and a subtotal 
th> roidectomy should be done on the opposite side This last is done 
as an additional safeguard against contralateral CYtension of the disease 
The neck dissection part of a radical thyroidectomy does not usually 
include the submaxillaiy triangle The recurrent laryngeal nerve will 
often be involved in, or destroyed by tumor, but sacrifice of the in 
tact nerve on one side should be done without hesitation when nec 
essary 


Recurrent- 



Fig 71 Cross section of the neci at Jie level of the thyrotd isthmus showing 
the block of tissue removed m the operauon of radical thyroidectomy The t» 
sue remov cd is outlined by the heavy black line 

Contrary to the practice in neck dissection for epideromid carem 
oma, radical thyroidectomy should usually' be followed by x radiation 
to the thyroid bed and neck The most common types of thyroid car 
cinoma are partially controlbble by radiation, and the usual slow 
growth and long duration of these tumors allow a worthwhile m 
crement of symptom-free life by such treatment m the incurable casM 
Ideally, whenev er a radical thyroidecfomy is contemplated, gold radon 
seeds should be available for implantation into nonresectablc tumoR 
The anatomical location of the thyroid glrnd frequently creates tbf 
situation in which the metastases of a carcinoma of this organ can 
be easily removed but the pnman lesion cannot because of direct ex 
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tension into the trachea, thyroid cartilage, esophagus or common car 
otid artery The bulk of the primary lesion should be c\ciscd in such 
a situation, and the remaining tumor implanted Mith tlie gold radon 
seeds The seeds should be inserted into the tumor at mtcnals of ap 
proximately 0 5 cm in three dimensions, and should be of 1 0 to 1 5 
millicuncs in strength Such interstitial gamma radiation a\il! fre 
qiientl) destro) a isible residual cancer 

DISABILITY FOLLOWING NECK DISSECTION 

Disturbances in function following neck dissection in the adult are 
surprisingly small The most common residual defect is shoulder drop 
due to transection of the clcaenth cranial ncr%c, a frequent necessitN 
Damage to the recurrent laryngeal ncnc m patients with th>roid can 
cer or following accidental damage to the \agus ncr\e has well known 
sequelae Injur> of the hypoglossal, lingual or phrenic ncr\ cs arc sur- 
gical accidents and should be aNoided Remoxal of the stcrnomastoid 
omohyoid and ribbon muscles apparently have little functional effect 
As a rule, most patients have few or no complaints attnliutable to 
the operative procedure itself 


CASE REPORTS 

The clinical situations in which neck dissections are indicated are 
almost as standardized as the indications for radical mastectomy It 
would seem superfluous to recount case histones of routine clinical 
problems imolving neck dissection for mcrastascs from carcinoma of 
the lip, tongue or other head and neck structures However, txxo 
phases of the problem seem worthy of emphasis These are, first, the 
futility of inadequate surgery, and second, the problem of a swelling 
in the neck as a patient’s presenting complaint 

Case I —The pitwM w a 71 yeai oW v.U«.e wiiU admitted to the Preshv^^^i’^ti 
Hospital on March 22, 1944 Five years previously he had first noticed a swelling 
w the nght upper neck in the region of the lower pole of the parotid gland 
X ray treatment was administered without result In June, 1940 surgical exci 
of the mass was done and the surgeon noted that the tumor tissue was gray 
friable and appeared to be malignant The microscopic diagnosis was atypical 
adenoma of a salivary gland The tumor recurred and m September 1941 was 
again excised At this operation hemorrhage was so profuse that ligauon of the 
external carotid artery was necessitated Further x ray radiation was given fol 
owing this procedure The tumor recurred accompanied by enlargement of 
cervical nodes, and m March 1945 a third excision was done This specimen 
was reported as adenocarcinoma The cancer recurred rapidly following this op 
spite of further x radiation involved multiple nodes in the right 
extended to the skin in the imdstemomastoid region Retroclaucular 
1 wre enlarged The patient was then subiectcd on March 23 1944 to com 
g radical neck dissection with wide removal of the site of skm involvement 
previous surgical attack When last examined on July 
45, the patient had no evidence of recurrent disease 
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E\entual cure of this patient is doubtful beciuse of the adtanced 
stage of his disease -when radical surgical attack uas finally done 
After the complete neck dissection the patient has experienced his 
longest interval of freedom from evidence of tumor since the onset 
of the lesion It seems reasonable to believe thit radical surgerj earlier 
in the course of the disease would Ime given a hctter chance of 
complete eradication of the cancer 

Case II— The patient is a 38 >cjr old white female who was first examined 
at the Research Hospital on May 9 1945 Eighteen months previousl} she had 
developed a small lump in the right inidnecL She consulted her physician who 
told her to forget about it and she maintained this counsel until she consulted 
another doctor ten montlis later At this nme there were txvo masses in the neck 
one of which was remoxed for biopsy This tissue was reported as carcinoma 
and without examination the patient was given x ray therapy to the right mid 
neck The neck enlargement persisted even under treatment and eight months 
later was larger On exammanon tn the tumot clinic at the Research Hospital 
an indurated scar in the right midcervical region and a movable node below the 
angle of the mand ble measuring 2 5 cm were found Inspection of the nose 
epiphaotix oral canty and h) popharyn'C revealed no evidence of a primary 
malignant neoplasm Both vocal cords moved freely The right thyroid lole was 
questionably enlarged and in its central portion there was a suggestive small area 
of induration Physical examination otherwise was entirely normal A tentative 
diagnosis of early carcinoma of the (hyroid with cervical node metasrasis was 
made the alcernativ e of lateral alierranr thy roid disease I eing considere 1 Either 
diagnosis required exploration of the neck and the thyroid gland Tins was done 
on Alay 31 1945 and the diagnosis of early carcinoma of the thyroid was cs 
tabhshed by frozen section Accordingly a radical thyroidectomy was performed 

This case illustrates two general fallacies m regard to neck tumors 
The first phj sician w ho examined the patient did not regard the situa 
cion as even potenciall) serious This is an error because today most 
of the persistent swellings in the neck in the adult exclusive of goiter 
are malignant 

The second physican established the diagnosis but he then treated 
the neck svv elling as a pnmar> lesion w ithout search for the real pri 
mary This was an error because malignant epithelial tumor m l>mph 
nodes is necessaril> metastatic, and it is futile to treat secondarv de 
posits without measures to control the pnmar) focus 
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DIAGNOSIS AND TREATMENT OF CARCINOMA 
OF THE FEMALE BREAST 

Harry A Obcrhelman, M D * 

Rccognuion of early or relatively early carcinoma of the female 
breast by the well trained surgeon is for the most part not difficult 
on the basis of clinical and gross pathological findings When a woman 
in the so called cancer age accidentally discovers a painless lump 
in her breast xthich is resistant to palpation and fixed in the breast 
tissue with dimpling of the overlying skin the diagnosis of carcinoma 
IS self evident The ability to recognize an early carcinoma before all 
the classical signs are present is the goal of every well trained surgeon 
The late Arthur Dean Bevan frequently expressed the opimon that 
95 per cent of the malignant growths of the breast should be recog 
nized as such by the surgeon at the time of operation on the gross 
pathological findings alone fn only 5 per cent of the malignant tumors 
should it be necessary to enlist the aid of microscopic sections and 
the pathologist In my opinion the operating surgeon should possess 
the necessary pathological training to make a correct diagnosis of the 
microscopic sections 

AIDS IN THE OlAGNOSiS OP CANCER OP THE BREAST 
For the benefit of the surgeon all hospitals should provide adequate 
laboratory facilities under the direction of competent pathologists to 
supply accurate diagnoses. Every breast tumor should be submitted as 
a matter of routine to a thorough microscopic study by a reliable 
pathologist A benign lesion cannot be distinguished from a malig 
nant lesion of the breast by palpation alone Even the best surgeons 
occasionally are jolted by a pathologists report of malignancy when 
they had assumed from the gross appearance that the tumor was 
wholly benign Unless the patient consents to a surgical excision for 
tlje purpose of biopsy, the responsibility for her care should be de 
dined Biopsy service is essential for the protection of both surgeon 
and patient, and it insures prompt and adequate surgery 
In addition to the biopsy service, there are certain clinical signs 
other than the classical ones that I consider tery significant At the 
present time they are not sufficiently emphasized as definite clinical 
lids in diagnosis 
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One characteristic of breast cancer is tl\c absence of pain. Haagensei 
and Stouri furnish striking statistical evidence of this fact. A ciinica 
review of 1040 unsclccted patients Avith breast cancer shows that onl\ 
1.(5 per cent of the patients came to the physician because of pain 
Many patients already have axillary' node metastases when they' comi 
to the physician for the first time. If pain occurred simultaneously 
with the onset of cancer, it would bring many patients to the phys 
ician early in the course of the disease. 

Another clinical aid in the diagnosis of breast cancer not sufiicicntl; 
emphasized is tlic constancy with whicli cancer occurs as a solitary 
tumor nodule in the breast. In a study' of some 500 surgical specimen 
of breasr cancer, I found that only' 3 per cent of the patients had mor 
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Fig. 72.— Caicmoxna occupying central portion ^vith cyst formation. 

than one nodule. Therefore, when tAVo or more nodules occur in th 
same breast, malignancy' probably is not present. 

Aspiration, transillumination and radiography often are used in th 
diagnosis of breast lesions, but their value is limited. Aspiration ma; 
he used to determine Avhether the lesion is solid or cystic, and if it i 
^stic, to determine the microscopic character of the cystic fluic 
Transillumination frequently is used for the same purpose. Howevei 
in neither instance does the presence of aspirated fluid or the trans 
mission of fight prove that the lesion is benign, for carcinomas as Ave 
as breast tissue may' become cy'stic (Fig. 72). Therefore, this pre 
cedure should not be considered as an absolute diagnostic aid. Radiog 
tapny may be useful in the special investig.ations of breast lesions bt 
c *1°'’ for their routine differential diagnosis. 

Jieabold- has developed a complete routine for radiography, iodi 
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examinations, bm rather to assist the examiner and the clinician in 
determining his approach to treatment” 

Clinical and phjsical signs, supplemented by biopsj, constitute the 
best method of determining the diagnosis of breast lesions 
Problems in Early Diagnosis— When a phvsititn docs a hastj routine 
ph) steal examination, he is xer\ apt to overlook a tumor of the 
lireast The importance of a careful breast examination m routine 
physical checkups is presented h\ Haagensen and Stout ^ The) re 
viexved the cases of breast cancer in the Prcsb)terian Hospital, New 
\ ork, o\ cr a tv\ ent) year period and found that 6 6 per cent of the 
cancers of the breast xvere discovered bv routine phvsical examination 




Fig 73 -Illustrating the degree of adcnopapiHoinatous hyperplasia m fibrocystic 
disease causing difficult) in diagnosis 

These examinations thus provide an opportunity for early diagnosis 
and proper treatment and should not be neglected 
Another difficulty is encountered m that group of breast tumors 
whose gross and microscopic pathology is indefinite and inconclusive 
These tumors gencrall) are called borderline or prccancerous lesions 
They occur almost exclusncl) m the proliferative and hyperplastic 
form of fibrocystic disease Cheatle and Cutler® are among the chief 
exponents of this view This form of fibrocystic disease may be a 
benign adenopapillomatous growth or a precancerous lesion In mV 
experience, both as a pathofogtsc ind as a surgeon, the character of a 
small minonty of the adenopapillomatous lesions m fibrocystic disease, 
whether nonmalignant or mahgnant (Fig 73), cannot be conclusively 
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dctcnnmed In these circunistintes radicil surgerv is undoubtedl) 
mdicited 

Another difficult\ usinll) not mentioned in connection witli the 
diagnosis of cmcer of the brcist is the occurrence of cancer in 
‘iccessor\ breast tissue Accessor) breast tissue is i cordhke stnicturc 
radnting out\\ard and upward from the nnninnr) gland pcripherj 
to rest on the front of the anterior a\illar\ fold, or it ma\ occur as 
single or multiple isolated nodules m the avilla proper When mahg 
nanc) occurs m the nodules a differential diagnosis cannot be made 
correeth without biops\ How e\cr, a careful inquir) ma) reacalthc 
fact that these nodules ha\c been present for \ cars and tint thca ha\c 
consistentU increased and decrciscd in si/c coincident with the pre 
and postnicnstrual phases of the menstrual c\ clc This clinical fact 
will furnish almost positne proof of the presence of accessor) breast 
tissue 

The Significance of the Axillary Gland in Breast Cancer —The correct 
diagnosis of breast carcinoma is complicated by the presence of 
atapical manifestations of the disease These at)pic3l signs occur m 
patients who dcselop a\illar\ node imoKcmcnt before an\ posimc 
clinical endence can be detected of the pnmars tumor m the breast 
The following case illustrates this tape 

A married woman aged 38 jears entered the hospital April 30 1938 for 
menorrhagia from fibroids for which a \aginal h>'stcrcctom) was performed 
Cight months before she had noticed a lump in her left axilla which was frccl> 
movable and was considered b) her ph}sician to be a simple adenopathj On 
Januaf> $ 1939 she was referred to me for biops} of the axiUarj node Careful 
palpation of the breast at this time revealed no convincing evidence of an> 
tumor mass or masses B ops> of the a\illar> node revealed adenocarcinoma 
On suspicion onlj radical mastcctom> was advised and performed The patholo 
gists report of the gross specimen mentions stellate like strands of tissue in the 
outer upper and outer lower quadrants studded with >cUow pin point nodules 
Both the breast and a\illar> nodes on microscopic section contained adcnocar 
cinoma She has had repeated irradiation treatments 

Four >ears after the radical n>astcctom> she developed local axill3r> recur 
rcnces which have been held m check with irradiation therapy As a result e\ 
tensive fibrosis of the shoulder and upper arm muscles has dercloped permitting 
ool> limited motioi and causing extensive swelling of the entire left arm She 
has developed no clinical sii.ns of either visceral or bon> metastases 

It IS not 1 nown how long this breast cancer existed before axilhr) 
metastases developed, but the axilhr) nodes were known to have been 
present for almost two ) cars although there was no palpable evidence 
of breast cancer 

Another at)pical manifestation of breast cancer occurs when a pa 
ticnt With a radical mastcctom) of one breast develops metastases in 
the opposite axilla with no clinical or phv steal signs of cancer m the 
corresponding breast Rcccml) 1 patient with a history hie this was 
^o me The axillarv mass in the opposite axilla was moper 
1 e but no tumor mass could be palpated in the corresponding breast 
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tig 74-Re$ectcd bmA 5p(cun«n completely occupied by cancer Axillary node 
Bomul. 



fig 75— Direct in\aMon of pectoiabs nujoc muscle by cancer cells in specimen 
of Figure 74 


The metastases presumably had come from the side of the original 
radical m3srectom\, for chest x-ravs were negatne 
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Qincer of the breast may occur in )oung women The term "cancer 
age should be discarded because no age group is immune to cancer 
The fact that a patient is >oung is not proof of bcmgnancy as lias so 
often been supposed De Cholnokj^ collected and studied the records 
of se\entj-fi\e women with mammarj’^ cancer under 30 jears of age 
He states that 2 per cent of all breast cancer occurred in women under 
this age He regards the prognosis ns no worse for the younger than 
for the older women 

Another misleading condition is the presence of a resistant mass m 
the entire breast with no palpable a\illar> nodes The mass is not ncc- 
cssanl> bemgn eacn thougli there js an absence of palpable axillaO 
nodes There is no relationship between the size of the primar)*^ tumor 
and Its metastascs to the axillary nodes This fact is well illustrated 
bv the following case (Figs 74 and 75) 

A married woman, aged 48, was admitted to the hospital on March 12, I9J1 
because of a firm resistant Piass occupying the enure right breast No a^ullary 
metastascs could be demonstrated b> gross and microscopic studies The cancer 
had msaded the undcfl>ing pectorabs muscle Four months later she returned 
with multiple skin metastases of each loin, and two months later death resulted 
from cerebral metastases 

This case illustrates that metastases may occur through the blood 
stream rather than the lymph stream when the primary cancer is far 
advanced There was no demonstrable axillary node involvement 
To determine clinically the absence or presence of axillary node in- 
volvement m breast cancer is not easy Even careful and thorough 
palpation may fail, as it has on occasion in my own experience Some 
' ery interesting observations were made in this connection by Hoopes 
and McGraw ® In a senes of 145 cases of operable breast cancer 
and clinically palpable axillary nodes, thc> found that thirty-four pa- 
tients had no demonstrable metastascs However, m a series of ninety- 
seven patients with operable breast cancer and no clinically palpable 
axillary nodes, these same authors found that twenty-eight had demon- 
strable metastases They conclude that clinical palpation for nodes is 
inadvisable because of the in 2 ccunic\ of the diagnosis and the danger 
of spreading the malignant cells 

The true incidence of axillary gland metastases finally depends upon 
the gross and microscopic pathological studies of the nodes m the lab 
oratory In a series of 254 patients with breast cancer. White® found 
that 137 had axillary node involvement at the time of surgery In a 
senes of 132 similar patients, Rodman^ found that 70 had axillary node 
involvement, and m a series of 466 patients with breast cancer, I found 
that 209 had axillary node involvement Therefore, half of the patients 
«ith breast cancer already have axillary node involvement, at the time 
or surgery It is for us to devise a way to provide surgical treatment 
or every patient with breast cancer before the axillary nodes become 
Jn\ oh ed 
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The high percentage of axillary node involvement at the time of 
siirgcrj can be lowered if the patient recenes a careful examination 
of the breasts in routine ph>sical checkups Patients with known 
lumps in their breasts should consult a phjsician without dela> 
and the phjsician must imcstigate cverj breast lump by biops> 
Since the early stage of cancer is painless every effort must be made 
to discover its presence 

TREATMENT OF OPERABLE BREAST CANCER 
The treatment of cancer of the breast is much the same as the 
treitment of any other disease There arc two phases of a disease the 
pnmarj disease itself and the disease with its complications This 
means that there is cancer without metastascs and cancer with metas 
tises The treatment of the former is relatively simple, while treat 
ment of the htter is complex sustained expensive and frequentl) 
futile Unfortunately cancer without mcrasrases often is as fatal as 
cancer with mctastises 

In the actual treatment of breast cancer as a primary disease the 
surgeon first must decide vv hether the lesion is operable or inoperable 
Surgeons generally agree that primary carcinoma of the breast is 
operable as long as the cancer has not spread beyond the axillarj 
group of lymph nodes and that the greatest single weapon in the 
treatment of breast cancer is radical surgery meticulously executed 
Surgery should be supplemented with adequate and intelligent post 
operative irradiation There is some controversy as to the extent of 
the surgery The radical mastectomy as devised by Halsted* is used 
extensively However frequent skin grafting is necessary to cover 
the denuded surface Using Halsted s method Rodman’ devised a modi 
fied skin incision that makes skin grafting unnecessary and still permits 
the resection of an equal or even greater area of skin 
The radical method of Halsted has seemed too extreme to some 
surgeons The disfigurement is appreciable when both pcctoralis mus 
cles are ablated To overcome this objection Adair® devised a modi 
fied radical procedure in which the pcctoralis fascia is removed but 
not the pcctoralis muscles The muscles are retracted medially to 
allow an adequate axillary dissection for a number of years I have 
used this method followed by adequate postoperative irradiation A 
minimal degree of disfigurement results from this method and it docs 
not affect the functional use of the corresponding shoulder and arm 
When there is axillary node involvement I do not feel that the sub 
sequent course of the disease will be materially altered by ablating the 
pcctoralis muscles to allow resection of the subclavicuiar nodes The 
reason for this according to Callander,*® is that besides the axillary 
and clav icular ly mpli channels there arc three other groups of 1> mph 
channels that dram the breast and hi evvisc furnish avenues of spread 
Surgery however radical cannot resect the nodes tint receive thee 
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channels Therefore, ^hen thciMlhr\ group Ins been cliniinitcd, onl> 
one of the four a\cnucs of spread Ins I)ccn l)IoLkcd With local muscle 
and iMllar\ node iinasion I am con\inccd tint the ridical method of 



Tip 7<5-rungatinp bleeding mushroom liKc ductal carcinoma of the end of tlie 
nipple sMth a\illar> node mctastascs 



Tig 77 —Microscopic sections of Figure 76 showing ductal cancer 


^ alsted with postoperatn e irradiation therapy provides the most effec 
Tvf toda} of combating the disease and pre\ anting recurrences 
e fonowing case histor> substantiates this view in part and in addi 
JOn It presents an interesting malignancy (Tigs 76 and 77) 
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A married woman iged 52, was aAmoed ro the hospital oa January JO, 19IS 
because of a fungoid, bkeding, tralboos and tilcerating tumor at the bp of th« 
ijipple It had been present for Hto years but had not bled until Arce tnonAs 
previously On mo occasions sho stent into collapse from excessive hemonh^ 
A radical masrectomy w-as done Many of die axillary nodes were invohed Tht 
primary tumor was a ductal adenocaremotna She received postoperaave irradis 
tion therapy On August 20, JWS, no evidence could be found of rrcurrence 
She has remained clinically well fo- seventeen and one half years since surgery 

The use of preoperstn e itrsdtmon has Jose most of its populantt 
in recent years Hcrrmann**^ reports that it was used for a stt year 
period at the Memorial HospitaJ, New \orl£ It has been discontinued 
because it resulted m more bleeding on operation, a delay m vound 
JieaJing and no increase in the percentage of fitc-ycar survivals I fuie 
never used preoperative irradiation except in an occasional moperabl? 
case Mhcn surgery was used as a palbatnc measure only 

TREATMENT OF RECURRENT AND INOPERABLE CANCER OF THE BREA.ST 

Patients with one or several of the following signs cannot be cured 
by operation (1) edema of the corresponding arm, (2) fixatjoii of 
the tumor to the chest wad, (?) fixation of the axillary nodes, (4) m 
tflsjon of the supraclavicular lymph nodes, (5) local metasrascs to the 
skin, (6) distant mecastases whether visceral or skeletal, (7) the in 
fiammatory type of cancer, (8) open ulceration of the primary lesion 
m the breast These criteria of inoperability are based on the survival 
rate 

There is, however, more controvert among ruigeons when the 
criteria of inoperability arc viewed from the standpoint of providing 
relief We have no way of knowing whether these patients would live 
longer tvifh earJj surgery or without surgery All the s>mptoms of 
inoperability frequently develop regardless of early surgery Early 
radical mastectomy Has not increased the hfe expectancy of these 
patients 

In recent years v, e have adhered Jess stricri> to the critena of in 
operability and ha\ e used surgery for relief, knowing that by doing 
so we may even detract from the life expectancy of the patient In 
the first place, many surgeons now feel that the surgical removal of 
a primary malignant growth in the presence of mecascases, r^ardlew 
of the oigan mvoh ed, tends to inhibit the growth of the metastatic 
foci To what extent this can be pros ed scienufically is not knoym 
However, when a patient is suffenng from an open, malodorous and 
ulcerating cancer of the breast, she wdl benefit both phj^ically snd 
mentally from the removal of such an objectionable lesion by a mod 
ified mdical or simple mastectomy Replacing such a lesion by clean 
healthy skin, not too devitalized by imdiation, is a great service to 
that patient 
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In the second place more than a pure scientific effort is essential for 
a patient with inoperable cancer When scientific effort fails, surgery 
IS justified We feel that the removal of an inoperable breast is justified 
when It instills nea\ hope for recovery and improves the morale of 
the patient However, in a recent report, Haagensen and Stout^" state 
that on the basis of statistical data “patients with inoperable carcinoma 
of the breast live longer when not operated upon than if operated 
upon” But in m> opinion it is more humane to provide a hopeful life 
for one month with the art of surger> than to provide a hopeless life 
for sue months with the science of surgery 
In the treatment of local recurrences we recommend the skin inci- 
sion devised by Rodman’ combined with either the radical or modified 
radical mastectom) as a preventive measure In a senes of 132 pa- 
tients with breast cancer he reports a low local recurrence rate of 2 2 
per cent Using the Handley method, White® reported a recurrence 
rate of 22 6 per cent m 238 patients with radical mastectomies Using 
the Halsted method, Lew is and Rienhoff reported a local recurrence 
rate of 19 2 per cent in 950 patients 
In the active treatment of local recurrences we employ local exci- 
sion followed by vigorous irradiation In the event of axillary or 
clavicular lymph node fixation, irradiation therapy alone is employed 
In some cases the results have been gratifying, and the life expectancy 
of the patients has increased The following case illustrates the value 
of using irradiation alone 

A married \\oman aged 29 entered the hospital on July 10 1940 witli a diag 
nosis of adenocarcinoma of the left breast made from a biopsy section in an 
other hospital A modified radical mastectomy was done, and one small axillary 
node contained a metastatic tumor She received the routine postoperative ir 
radiauon therapy Four > cars later she returned with a definite mass m the left 
supraclavicular node This was treated with irradiation Now there is no clinical 
eiidence of supraclavicular node invoUemcm or metastases 

One of the most constant postoperative complications in radical mas- 
tectomy IS the swelling of the corresponding arm There are several 
causes of this condition In my experience mild swelling of the arm 
mvanably occurs after a radical mastectomy with excision of the 
axillary lymph nodes This is lymphedema which results from a lym 
phatic block Another significant cause of this condition is irradiation 
orosis of all the structures about the shoulder, including the sub 
cutaneous tissues, muscles ligaments and joint capsule Local recur 
pnees in the axilla are usually associated w ith this irradiation fibrosis 
ections following radical mastectomy and trauma incident to sur 
suT additional factors The treatment is mainly local, using 

Th hydrotherapy, massage and elevation of the arm 

5 ^ondoleon operation has been umformly disappointing Holman’^ 
nis associates report that primary wound healing, good axillary 
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drainage nimimum operative trauma, a\oidance of infection and roent 
gen ray dermatitis constitute important preventatn e measures 

Our greatest problem is the treatment of distant metasrases Tlie in 
teresting feature of distant metastascs is that some mammary cancers, 
select \isccra, such as the lungs. User and brain, \\hi!e others of the 
same t) pe select bone Onl> m a small minority of instances are the 
metastases both \isceral and skeletal In an exhaustive study of 90 
patients x\ ith metastatic carcinoma sccondarj to breast cancer, Palleta 
and Lehman'-’ found that 48 had clinical signs of bone metastases, 35 
Msceral metastases, and 7 both bone and visceral metastases 

Irradiation therap> is \aJuable onl> in certain patients uith skeletal 
imolvemcnt The lesion is often destroyed and replaced bj newi) 
generated bone The palliative effects ma> last for sev eral > ears In s( 
far as visceral metastases arc concerned, some good is obtained fron 
pulmonary and cerebral irradiation but none from Jivcr irradiation. 

THE VALUE OP OOPHORECTOMY IN BREAST CANCER THERAPY 

Because of the limitations of surger> and irradiation m the treatment 
of metastases in breast cancer, numerous approaches have been devisee 
from the sex hormone angle 

Sir Astlej Cooper'® was the first to suggest that the ovaries migh 
have some influence on mammar) cancer Bcatson" was the first tc 
introduce the concept of oophorectomy m w omen w ith breast cancel 
who are still in the premenopausal age In support of his position hi 
presented the account of a woman, aged 53 vears who felt a hare 
lump m one breast while nursing her first child three >ears previously 
A radical mastectoniv was performed but local recurrences developed 
Within a year A bilateral oophorcctom) was performed, and at the 
end of eight months all traces of local recurrences had disappeared A 
few years later Schmzinget'* reported similar results in inoperable 
breast cancer follow mg bilateral oophorectomy and he advised its use 

Other interesting accounts of this t\ pe of therapy ha\ e appeared m 
increasing numbers m recent > ears From the Memorial Hospital, New 
York, Herrmann" made a report of 340 patients with metastatic or 
inoperable breast cancer All were castrated, 307 by irradiation and 
thirty three by surgery In only IS per cent of the former and 13 
per cent of the latter was there some improvement, such as increased 
appetite, gam m w eight and diminished pain Since castration by the 
two methods employed vieldcd similar results, he reports that castra 
non now is done exclusively by irradiation because it is much lesj 
expensive and hazardous than siiigcrv Horsley'® on the other hand 
employed surgery and is so favorably impressed In the benefits of 
oophorectomy m the premenopausal woman with breast cancer that 
he refuses to perform a radical mastectomy unless the patient submit? 
to a bilateral oophorectomv at the same time He reports a senes of 
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25 patients with breast cancer treated in this wax, and onl\ two thus 
far ha\c dc\ eloped recurrences \\\ his patients were operated upon 
between 1937 and 1943, so that no find conclusions can be drawn 
Thus far I hue not felt that the results obtained from routine ster- 
ilization b\ bilateral oophorectomx whod' justifv this rather nu)or 
surgical procedure Since the elimination of \arious functions in these 
patients appears to be pallntnc and not c«nti\c, irradntion is a much 
more simple, economical, and less hazardous method of sterilization 
It should be the method of choice if sterilization is used at all 


VALUE OF ESTROGENS ANt> ANDROGENS 

Another hormonal approach ts the use of estrogens and androgens 
Our knowledge of sc\ hormones at the persent time is fragmentar) 
and frequenth contradictors Farrow”” conducted some studies on 
the use of both estrogens and androgens m skeletal metastascs He 
concluded that our knowledge is still mconiplcte, that the withdnwal 
of either hormone in cerram cases might inhibit the growth, that an 
excess of either hormone might stiimilatc the rate of grow th and tint 
whatexcr effects were olitamcd were prohalil) inconstant and tempo 
rar\ On the other hand, Prudentc*’ of Brazil presents some x crx inter 
esting and encouraging findings m a senes of 127 patients xxith operable 
cancer of the breast He used testosterone propionate postopcratixelx 
m si\tx -three patients and the remaining si\tx-four xxere used as con- 
trols, with surgen onix He concluded that the surxixals of three, 
four and fixe xears xxere 100 per cent better xxith the use of testos- 
terone than Without its use 

I haxe not emploxcd anx of the sex hormones thus far in the treat- 
ment of breast cancer or its metastatic lesions, nor used oxarian cas- 
tration One should not become too enthusiastic oxer measures that 
niax tend to increase the surxixal rate onlx and possess little or no 
curatixe xalue If their use serxes onlx as a means of prolonging the 
existence of a djing and sufFenng patient, and add gnef and hardship 
to those who administer to that patient, then xxhat has seemed like a 
gain maj be equallj considered a loss 

Whenexer attempts are made to exaluate the benefits of castration 
or sex hormones, xxe are apt to Jose sight of the significant fact that 
essentiall) all or nearlx all of the patients haxe alread> had the benefit 
of a meticulous radical mastectom} It can be readilx appreciated hoxx 
credit max be assigned to the use of hormones or castration or both 
instead of radical surgerj combined xvith irradiation therapx This 
latter method is the treatment of choice Howexer, since we are all 
deeplj concerned about finding some successful method of combating 
and ultimatelx curing mamnnrv cancer, we shall alxxajs continue to 
gixe help and encouragement to exerx honest effort from xxhatexer 
angle 
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CONCLUSIONS 

1 In the diagnosis and treatment of breast cancer, it is of supreme 
importance that the surgeon be thoroughlv trained in surgical pathol 
ogy as well as in clinical surgery 

2 The indispensability of an adequately trained pathologist and an 
adequately equipped laboratory for biopsical studies has been empha 
sized 

3 Every member of the medical profession should adopt the rule 
that every breast ‘ lump should uncompromisingly be submitted to 
biopsy 

4 The diagnostic procedures of aspiration transillummation and 
radiography should be looked upon as having limited value as accu 
rate diagnostic procedure, and they are not practical for routine breast 
examinations 

5 The value of early recognition and earlv surgery of cancer has 
been duly stressed 

6 The employment of methods of thcrapj whose accomphshmeni 
are at best palliatn e and not curative such as castration and sex hor 
mone therapy, should be kept m their rightful place 

7 The greatest weapon in combating cancer of the breast is meticu 
lous radical or modified radical surgery combined with irradiation 
therapy from the standpoint of prophylaxis recurrence and inopcra 
bility 
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SURGERY OF THE MEDIASTINUM 
W E Auvms, iMD, FACS* 

SuRCiu^ of the mediastinum now includes the operatic treatment 
of a large \anet> of disorders Between the two pleural cavities there 
arc man) important organs ami structures, such as the heart and great 
\csscls, the esophagus, trachea, thsnms, nerves and lymphatic tissue 
These structures ma> be involved by congenital lesions, infections, 
rumors or c)sts or b) triumanc wounds 
During the pise three decades management of cardiorcspiratot) 
function during a surgical pneumothorav has become better under 
stood, so that exposure of the mediastinum for examination or for 
vinous operative procedures now entiiis no more risk than cvplora 
tion of the abdomen rotnierly, operative therapy consisted chied) of 
the drainage of C) sts, a procedure w hich was accompanied b> consid 
erablc risk Ixow the scope of surgery m this field is extensive, the 
more common procedures including removal of benign tumors and 
c>sts, drainage of acute infections, release of constrictive pericarditis, 
suture of wounds of the hearr, closure of patent ductus arteriosus and 
resection of carcinoma of the esophagus The following eases illustrate 
some of the more common operative procedures 

CAS6 1 06RMOI0 CYST Of THE MEDIASTINUM 
A 45 >e3r olJ white woman came to the dime complaining of chew trouble 
which had been demonwrated b> a routine x ray of the chest one month prcvi 
ou>ly wJien she applied for work at an ordnance plant Prior to that time she had 
had no sjTiipfoms and no reason to behctc that there was an> thing wrong with 
her chest 


to admission but no treatment had been required I he remainder ot the historj 
was entirely irrelevant 

Phj’Sicai cxaminatjon revealed a well developed and well nourished woman 
who appeared to be in normal health Her blood pressure was 100/75 and her 
pulse rate was 88 per minute The positive ph>sical findings were limited entirely 
to the chest On examination the right side was noticed to move less than the left 
during deep inspiration The intercostal spaces were deeper and wider making 
the ribs stem somewhat prominent Vocal fremitus was dimimshcd markedly m 
the anterior aspect of this stile On percussion there was dullness to flatness over 
the mrerolateral portion of the right chest in the lower two thirds The remainder 
of the chest was normal The hrcadi sounds were markedly diminished or absent 
iver the above region and normal elsewhere The cardiac dullness and heart 
tones were within normal limits 
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The hi orator) findings demonstrated a normal blood count and hemoglobin 
\ due and a nomul urine An x ra> examination of the chest shoxsed a huge 
rounded soft tissue mass measuring approximate!) 14 cm m diameter in the right 
lower lung field antcnorl) (Fig 78) Tlierc xsas no clear csidcnce of calcifica 
non within this shadow which appeared to he projecting into the right chest 
from the anterior mediastinum Fluoroscop) rescaled no expansile pulsations I In. 
right leaf of the diaphragm moxed normall) The diagnosis made on the basis 
of X ra> and fluoroscopic findings and the lack of a histor) of sjniptoms was 
ihnnoid cyst of the mediastimnii 

The patient was adxiscd to enter the hospital for operatise rcmosal Since the 
1 1« od picture mcUuling a plasma pmtem of 6 S gm per cent w as w vihm nonwal 
limits there was little preparation needed for operation 



Iig 78 (Case I) — \ ra>s of the chest prior to operation showing a large cir 
cumsenbed opacit) extending to the nght from the anterior mediastinum m the 
lower two thirds of the right chest No calcification is seen and there has been 
no destruction of hon) structures 

Anesthesia Supportive Therapy —The operation as as performed under 
ethylene plus oxygen plus ether gi\en through a snugly fitting face 
piece under mild posituc pressure (6 to 8 mm of mercury) The anes- 
thesia was preceded bv morphine 0 01 gm (H) and calcium nembutal 
0 27 gm m 55 cc of xvater per rectum both being given one and 
|>ne half hours before operation An intravenous saline infusion xxas 
>e^n and 700 cc of blood were gixcn during the operation 

Operative lechtwc—Exploratojy Thoracototny and Exctsion of Der 
mold Cyst of Alediasttmim —A semilunar incision was made beginning 
O'er the third right intracostal space just below the third costal car 
' extending downward under the right breast and continuing up 
''ard and outward laterally into the posterior part of the right axilla 
' ’g 79, A) The muscles were dnided in the line of this incision, 
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which for the most part was over the course of the right sixth inter 
space After exposing the right fourth, fifth and sixth costal cartilages 
these were divided )ust lateral to the edge of the sternum, the internal 
mammary vessels being ligated b> suture just beneath the third and 
)ust above the sixth cartilages The pleural space was opened through 
the sixth interspace and along the line of division of the costal car 
tilages next to the sternum The edges of the wound were separated 
and exposure was obtained by a self retaining rib spreader (Fig 79, B 
and C) On entering the pleural cavity, a large cystic mass v,as found 



Fig 79 (Case 1) —Drawing showing skin incision (.A) extending from the 4di 
costal cartilage downward beneath the right breast and into the posterior axillary 
line After reflecting the moscles of the chest wall the incision is along the course 
of the 6th intercostal space and the divided 4th 5th and 6th costal carulages With 
the nb spreader m place the tumor is seen to occupy a large part of the lower 
pleural caviry anteriorly the lung being pushed laterally and posteriorly 

occupying the lower two thirds of the right pleural cavity anteriorly 
which was displacing and compressing the right lung posteriorly and 
upward The cystic mass was covered by mediastinal pleura This was 
incised, and with relatively litde difficulty the tumor mass could be 
dissected free from the chest wall, pericardium and diaphragm Two 
or three blood vessels were clamped and ligated with chromic No 00 

catgut , t. u A 

After removing the cyst, the right middle lung lobe, which nac 
been almost entirely atelectatic as a result of compression, again became 
aerated 
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A No. 26 Pczzar catheter ^v•as brought out through a stab wound 
in the seventh intercostal space laterally for continuous suction drain- 
age of the pleural cavity and rc-c\pamion of the right lung. The ribs 
were then reapproximated with nvo pcricostal sutures of double strand 
of chromic No. 1 catgut. The region of division of costal cartilages 
was reunited by interrupted sutures of chromic No. 00 catgut. The 
intracostal structures were approximated in the lateral one-half of the 
w’ound with a running stitch of chromic No. 00 catgut suture. The 
remainder of the muscles and deep fascia of the chest wall were re- 
approximated with interrupted sutures of the same material. Plain No 
00 catgut sutures were used for the subcutaneous tissue, and silk was 



I>g 80 (Gise I).-Photograph of bisected surgical specimen showing its cysuc na- 
Note the thm wall and smooth lining of the cyst and the presence of hair 


used for the skin. Following closure of the chest w'all, complete re- 
expansion of the right lung was obtained by aspirating the residual air 
tom the pleural cavity. The patient’s blood pressure, pulse and res- 
piration remained within normal limits throughout the operation, 
surgical Pathology.— The specimen consisted of a large thin-walled 
approximately 14 cm. in diameter and weighing 950 
gm. {Fig. 80). The wall xvas transparent in some places and smooth 
^^cept where it had been dissected free from the mediastinum. On 
^oCtion it was found to contain a yellowish fluid, cheesy material and 
me e^eshed hair. In one region a septum was present containing 
^^ ^.®Smous-like material. Microscopic sections revealed a lining of 
n ined squamous epithelium containing hair follicles and sebaceous 
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glands The wall of fibrous tissue surrounding rhis conrained some 
areas of round cell infiltration The final diagnosis v<as dermoid cytt 
?csioperaiive Course —The patienr had a \tty uneventful convales 
cence the temperature ne\er going above 100'’ F There were no 
respiratory difHcuktes or other complications She was discharged from 
the hospital two and one-half weeks after operation The last timr 
she was seen was about eleven months after the operation at wht 
time she was entirely tsvmpcomatic An v of the cfiest appear 
normal Most of the scar of operation was hidden beneath the brea 
Comment— Mediastinal dermoids ire usually located in the anten 
mediastinum They produce no svmptoms until they become qu 
Urge and cause pressure on adptent structures such as the lung chi 
wall or great lessek The differential diagnosis is usually not difitci 
since thev arc almost alw a\ s located m the low cr anterior mediastinm 
Operative rcmovnl is mdiciced since they tend to undergo maligna 
degeneration The prognosis is good 

CASS » NSUJtOefMIC TUMOR OF THE MEOfASTfNUM 

An 18 )ear old white imn came (o the clinic because of a lesion found in t 
upper part of the chest on loutme \ ray examination He stated that he had r 
paid an> attention to an) particular symptoms he had been having; until he h 
a knowledge that thti abnormabty was present On retrospect he remember 
chat he had had some pain m the repion of the nght shoulder for the precedv 
several months Tlus pain had been dull in character but was not constant It w 
nut severe enough to cause him to seek medical anention it was produced duel 
b) bending over by lying on the right side or on raising the arms forward Ti 
remainder of tiie history vvas cncircly irrelevant 

Physical examination revealed a cnall thin individoal relanvely itormall} d 
\ eloped Hts blood pressure was 118/92 and die pulse rate 60 per minute T 
remainder of the ctamtnation was enrircly normal 

The laboratory tests showed a norma! blood and unne Huoroscopy reveali 
an cpacicy apprommarrJy 2 ro 2 S inches in diameter located in the upper pan 
the right chest adiacent to the mediastinum On rotaung the patient this opaci 
was found fo lie in the plane oS rbc vertebral bodaes There was no evidence ' 
pulsation X rays of the chest confirmed the fluoroscopic findings (fig 8J) "H 
diagnosis based on the history the location of the tumor and the Jack of puH 
tions was neurogenic tumor of lit nttdisstmwn The patient was advised to hai 
the tumor removed and was admitted to the hospital for operation Since he w: 
in good general condition very little prtoperauve preparation was needed 

Anesthesia -The anesthetic tised was ethylene plus oxygen plu 
erher, deln ered through a snug fitting face piece 
Operafive Technic —A long curved incision w as made ov ex the neb 
sixth nb and the muscles of the chest wall were divided in the hv‘ 
of the incision The entire sixth rrf> was removed subpcnosceally, one 
the pleiinl cavit> was entered through this nb bed No adhesions be 
tween the lung and chest wall were present On retracting the lunc 
luteriorl) a tumor mass meisunng ipproximatch 3 5 by 5 cm w as 
seen arising at the junction of the third fourth and fifth ribs with the 
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spinal column The tumor was co\crcd bs the nicdnstinal pleura, was 
\er\ hard and showed no c\idcncc of fluctuation After incising the 
mediastinal pleura o\er the tumor, Jt was mobtli/cd b\ i toinbmation 
of blunt and sharp dissection I here were fairls finn fibrous bands 
conncctimi the tumor posteriorK at the junction of the rib and \cr 
tebra This was thought to be the origin of the tumor from an inter 
costal nene There was serj little bleeding encountered After ob 
taming hemostasis the pleura was again closed over the raw area 


Fig 81 (Case 11) — \ ray of chest showing circumscribed opacity extending to 
the nght of the superior mediastinum in the region of the posterior end of the 
t ght fourth and fifth ribs 

A No 26 Pezzar catheter was brought out through a stab wound 
in the ninth intercostal space m the posterior axillarv line for continu 
ous suction drainage of the pleural cav it} The chest w ound w as closed 
With two pericostal sutures of a double strand of chromic No 1 cat 
gut The intercostal structures were united with a continuous suture 
0 a double strand of chromic double No 00 catgut The deeper mus 
es and fascia of the chest wall were approximated with a combina 
t'on of interrupted and continuous sutures of chromic double No 00 
catgut Plain No 00 catgut was used for the subcutaneous tissue and 
S' for the skin The residual air in the pleural cavitx was aspirated 



through the drainage catheter with a pneumothorax apparatus follow 
ing closure of the wound 

The patient had a very quiet postoperative course, the temperature 
never being above 100 5 degrees The drainage catheter was removed 
on the fourth postoperative day The wound healed by primary inten 
non and the patient ^vas discharged from the hospital eleven days fol 
lowing operation 

Postoperafive Course —The patient was seen on a number of occa 
sions following operation and at no time presented any complaints 
The pleural cavity remained free of fluid and the lung completed 






Fig 82 (Case ID Photograph of surgical specimen showing a somewhat nodular 
and circumscribed solid lesion measuring apprownately 6 by 4 cm Microscope 
sections revealed a neurofibroma 

expanded When last seen six months following operation, he was en 
tuely free of symptoms and woihuig fuU time 
Surgical Pathology —The specimen consisted of a 58 gm, well en 
capsulated tumor measuring 4 by 4 by 7 cm It was pale pmk and yellow 
m color with fine \essels going through the fine tissue capsule The 
cut surface showed a translucent opalescent gray to yellowish mate- 
rial w ith white necrotic spots The cut surface tended to bulge (Fig 
82) Microscopic sections showed a poorly vascularized fibrous tissue 
stroma with areas of necrosis and round cell infiltration There were 
little whorls or palisadings of cells with gray cytoplasm m some areas 
and the connective tissue lamina were regularly aerated The final 
diagnosis was neicrofbroma of the medtastmtmt 
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Comment.— Mediastinal tumors of nervous tissue ongm are usuallv 
located in the posterior mediastinum and produce no s\mptoms until 
they have undergone malignant degeneration or have caused pressure 
on adjacent structures The diagnosis is usually not difficult Thev are 
differentiated from c>sts of the posterior mediastinum, intrathoracic 
goiter and aneuiy sm b> the absence of sv mptoms and \-ra\ and fluoro- 
scopic findings Operative removal is indicated, and the prognosis is 
good if no malignant changes have developed 

CASE 111 CARCINOMA OF THE ESOPHAGUS 
A 55 >Mr old white man came to the dime complaining of difficult in 
allowing food for the previous nine or ten months Dunng the latter n\o or 
three months of this period he had a pain in the epigastnum on stx'allowmc solid 
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ncadi the abdominal ual! His blood pressure -nis 128/7-f mm of mercur> Tlie 
rest of the cTammation was withm nonral limits 

laboratory tesR rettaled a }tctnogIoi>sn of 140 gtn ssliite blood count <f 
JlOOO and a normal urme riuaroscopii. cvamination of the chest showed onl) 
1 liatcral emphysema A. birmm study of the esophagus showed marked obstrue 
tion at the luoctjon of the rniddie and lower one third At this point a ragged 
mass could be seen Low er down at the grasccoesophageal junction the longicuduiil 
folds were normal (Fig 8J> The x ta> diagnosis was cjrctna/tu of the esophagus 
During the next ten days ihe patient was prepared for operation by correction 
of the marked dch>dration with saline and glucose administered mlrascnouslj 



Fig 84 (Case III) — Draw'ing showing skin incision o>er the enure course of 
the 8th rib and mending upward otec the postenne end of the 7th 6ih 5th and 
4jh nbs After resecting ilie entire gth nb subpcriosteally and a * inch segment of 
the 7rh 6tli and 5th nbs postcnorlj the pleural casit) was entered altmg this bne 
With an automatic riU spreader in phee an I the lung retracted excellent exposure 
IS obtained 

Anesfhesia Supporlive Therapy —Preoperatn e medication of mor 
phme 0 01 gm (H) and calcium nembucal 0 18 gm b> rectum were 
gn en one and one half hours before suigerj The anesthesia consisted 
of ethj lene plus ox>gen plus ether administered through a snug fitting 
face piece An intra\enoiis siiine infusion was started at the beginning 
of the operation 

Operalive Technic —A long incision was xrnde over the entire course 
of the eighth left nb and continued upward postenorh oi er the set 
enth, sixth and fifth ribs The muscles of the chest wall were ditided 
m the Ime of this incision down to the bony thorax The entire eighth 
riband short segments (I ^ inches) ofthcseienth smh and fifth rib< 
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\\cre rcnio\cd subpcnostcillv The fifth sixth and seventh intcrcostil 
vessels were divided postcriorlv between chmps md ligated The 
pleura was then opened alone this line postcriorlv and tliroughout the 
bed of the eighth nb No pleural adhesions were present (Fig 84) 
The mediastinal pleura was incised over the course of the esophagus 
posterior to the hilutn of the left lung to the arch of the aorta and 
the left piilinonarv ligament was divided The esophagus was then 
mobilized in this region care being exercised not to open tlic right 
pleural cavitj A tumor mass involving approxiinatclj 4 inches of the 
esophagus was found It extended from just beneath the arch of the 
aorta downward and could be separated from the surrounding strut 
tures without much difficultv The diaphragm was then opened from 
a point near its attachment to five chest wall at the anterior end of the 
incision inward to the esophageal hiatus the phrenic vessels being 
clamped and ligated in the line of the incision Pilpation of the liver 
and other structures in the upper part of the abdomen revealed no 
C'ldence of metastascs The spleen was removed to facilitate mobiliza 
tion of the stomach and to aid m the anastomosis of the stomach w ith 
the esophagus after removal of the tumor TIic stomach was then 
niobilized h) dividing the vessels along the greater curvature of the 
stomach just outside pf the mam course of the gastroepiploic artcrv, 
care being tal en to presen c the blood supplv through this artcrv as 
much as possible The left gastric vessels were then mobilized and 
divided near their origin benveen clamps All vessels were ligated with 
chromic No 00 catgut sutures This allowed the stomach to be brought 
up into the chest cavit> Tiic esophagus was crushed and ligated with 
linen near its junction w ich the stomach A soft rubber clamp w as then 
placed across the cardia and the esophagus was divided between the 
clamp and ligature care being tal en to minimize soiling A rubber 
glove was inverted over the lower end of the esophagus and secured 
hy tvvo braided silU ligatures 

The cardiac end of the stomach was closed bv .a double row of con 
tmuous linen sutures Mobilization of the esophagus was continued to 
^ point about 2 inches above the arch of the aorta Sufficient space 
Was made for the tumor to pass up beneath the arch and the esophagus 
Was brought outside of this structure since it was impossible to make 
me anastomosis beneath the arch The fundus of the stomach was 
then draw n upw ard and secured to the parietal pleura w ith interrupted 
sutures The anastomosis between the esophagus above the level of the 
tumor and the fundus of the stomach was made b> using tvvo rows of 
interrupted linen sutures The first row was placed mediallv before rhe 
tumor was removed Prior to the division of the esophagus a right 
Angled rubber shod soft clamp was placed across the esophagus a 
similar soft rubber shod clamp was placed across the fundus of the 
stomach and the anastomosis was completed Caution was taken during 
t us procedure to minimize the amount of soiling of the surrounding 
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Ussues Additional interrupted sutures were placed to secure the stotn 
ach to the chest wall m order to relieve any puIJ that would create 
tension on the suture Ime between the esophagus and the stomach 
(Pig 85) 

A No 26 de Pezzar catheter was then brought out through a stab 
wound in the ninth intercostal space posterolaterally for continuous 



Fig 85 (Case III) The lower wvo thirds of the thoracic esophagus and the 
upper four fifths of the stomach have been mobilized and the esophagus divided 
at the cardiac end of the stomach B Rubber-shod clamps have been placed across 
the fundus of the stomach and the upper cut end of the esophagus in preparation 
for the anastomosis The posterior part of the outer row of interrupted sutures 
has been placed as indicated at a and the posterior portion of the inner row of 
interrupted sutures has also been placed as indicated at s C; The anastomosis 
between the upper cut end of the esophagus and fundus of the stomach has been 
completed at a level just above the arch of the aorta The diaphragm has been 
approximated about the stomach widi intcrnipted sutures 

suction drainage of the pleural cavity following closure of the chest 
wall The diaphragm was now closed about the stomach with inter 
rupted and continuous chromic No 00 catgut sutures Tw o and one 
half grams of sulfathiazole crystals were distributed about the region 
of the anastomosis Closure of the chest wall wound was made using 
two pencostal sutures of a double strand of chromic No 1 catgut 
The intercostal structures were approxunated with a continuous suture 
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of a double strand of chromic No. 00 catgut. In the region of the 
divided pleura posteriorly, closure was made with interrupted sutures. 
Closure of the muscles and deep fascia of the chest wall was made 
by a combination of interrupted and continuous chromic double No. 
00 catgut sutures. Plain No. 00 sutures were used for the subcutane- 
ous tissue, and silk for the skin. The residual air in the pleural cavit>' 
following closure of the chest was removed by aspiration through the 
drainage catheter with a pneumothorav apparatus. 



Fig. 86 (Case III).— Postoperative x-ray following ingesdon of barium and 
showing approximately four fifths of the stomach brought up into the pleural 
cavity for anastomosis with the upper esophagus following resection of the 
carcinoma The anastomosis is shown just below the substemal notch. 

The patient went through the operation without showing any evi- 
dence of shock, the blood pressure being 130/70 and the pulse rate 
100 per minute at the end of the operation. He received 1200 cc. of 
citrated whole blood and 1500 cc. of saline intravenously during the 
course of the operation. 

Postoperative Course.— Convalescence following operation was en- 
^'^11 the temperature never reaching over 100.5“ F. rec- 

y. Water was taken by mouth beginning on the fifth day after 
fetation, and a full liquid diet was taken by the end of nine days, 
e amount of fluid was limited to <50 cc. per hour at the onset and 
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was gradiulU increased to 120 cc per hour withm the ne\t three 
da>s By the end of twcKe days the patient was tahing sik soft feed 
mgs 1 da\ with fluids as he wished The wound healed b> primary 
intention the de Pezzar catheter being remot ed the fourth day fol 
lowing operation I he patient gained rapidly m strength and was 
dischaiged from the hospital approtiniarely three weeks following op 
eration He has continwcd t«> do well and was bst seen eight months 
following operation at which time there was n i evidence of recurrence 
of the tumor (Fig 86) 

Surgical Pathology —The specimen consisted of a section of the 
esophagus containing the tumor which measured approvimateh 3 cm 
m diameter and 4V1 inches in length The tumor was very hard and 
on cut section was found to inioUe the entire circumference of th“ 
esophagus The wall of the esophagus m the region of the tumor wa 
greatly thickened The tumor ertended downward bur did not im oh 
the cardiac end of the stomach a portion of which had been remove 
w ith the low er esophagus One enlarged hard K mph node u is attache 
to the esophigiis and was invaded by a rumor Microscopic sectior 
revealed the primary tumor to be a sqiimiiovt cell catcinovn Tli 
lymph node removed with the mam rumor was iNo involved hv tli 
same type of a tumor 

Commenf— Although not npicil for carcinoma of the csophagu 
dysphasia is more commonly caused bv this tumor thin bv any otht 
lesion The diagnosis is usually not diffienh to make when the poi 
sibihcy of esophageal neoplasm is kept in mind A hisron of increa; 
mg difficulty in swallowing with x rav evidence of obstruction i 
the esophagus should make one suspicious of this lesion Di/Terenti. 
tion from benign stricture or from cardiospism cm usinlK be mad 
by esophagoscopic ind x ray cxmiimtion 

During the past decade considerable progress has been made m th 
svirgical management of carcinoma of the esophagus When the diag 
nosis is made during its earh course the prognosis ifter surgical re 
section IS encouraging Although operations for removal of thes 
tumors has earned considerable risk in the past it the present tim 
the danger is not formidable and the operation offers the only chano 
for survival m this group of pifrerits 



CLINIC ON PNEUMONECTOMY, STRESSING THE 
TECHNIC OF OPERATION 

R \i 1 11 IJoi RN L Hr 1 1 M \N, M D , I ACS* 

Osu ^\lthln the hst ten \cnrs has the technic of pncuinoncctonu 
been dc\ eloped to the point s\herc this operation tan be performed 
successfulU The indication for this operation has been knoaan for a 
long time The cure for lung cancer is the radical removal of the lung, 
[list as the cure for breast cancer is the radical removal of the breast 
Up to the >car 1934, however, death followed or accompanied cverv 
attempted lung resection In that vear I v arts Graham operated upon 
a phjsician who survived and resumed an active practice 
Undoubtedlv the most important factors in bringing about this 
change from failure to success was the realization that the bronchial 
stump, in order to remain closed, had to he cov cred bv some tissue 
other than bronchial tissue and that the tissues of the mediastinum 
were available to supplv the fibrous tissue ncccssarv for scars the 
bronchus had been treated like the bowel The mucosa was inverted 
and the outer wall of the bronchus brought together the wav we in- 
'crtcd the mucosa and suhmucosa of the bowel and brought together 
the serosa but the hronchial stump would not heal Some other tissue 
'vas ncccssarj to cover the bronchial stump Successful lobectomies 
could be performed on dogs because the pleura of the remaining lobes 
of the lung covered the bronchial stump and tlic desired closure was 
accomplished Finallv w c realized that the bronchial stump w ould heal 
buried under a flap of pleura or directlj m the mediastinum 
Man> other things, however, have occurred to help change pneu- 
monectom) from an unsuccessful to a successful operation We have 
better anesthesia than formcrlj Shock is combated b\ means of blood 
transfusions, intravenous fluids and the like The widespread use of 
the oxjgen tent has contributed a great deal The recent use of pen- 
icillin has helped to reduce the incidence of postoperative empyema 
Now the operation of pneumonectoni} for cancer of the lung can be 
performed with the assurance that the patient will be placed m no 
greater jeopard) than he would be m any one of a number of major 
intra abdominal operations 

IS a Mdiian m licr carl> fortic> months ago she caught a 

t, according to lier statement det eloped into pneumonia At that time 

' c had fe\cr cough bloody expectoration and pams m the chest She recovered 
n about two weeks and had no remaining symptoms except for a slight cough 

\1 Professor of Clinical Surger> Unncrsit> of Illinois College of 

c icmc Attending Surgeon Michael Reese and Cook Count) Hospitals Oiicago 

14> 
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Three months later she had a rcpettuon of wlut was called pneumoma and two 


mam bronchus seteral centimeters from the catena He was able to obtain a 
specimen which was diagnosed adenocarcinoma He referred her to me 

When I saw her I discovered a well nourished well developed woman who 
did not look sick There was a si ght impairment m the percussion note and a 
defimte dim nution of breath sounds with an occasional rale of the lo%ver left 
lung field otherwise there were no physical findings of sign ficance Her blood 
count was normal there be ng 4 000 000 ted cells with a very slight drop in hemo- 
globin The X ray showed a mass in the left hilus with a shadow over the left 
lower lung field which is interpreted as a partul atelectasis 


Operafion — Preoperativel> there was little to do for this patient. 
For three days she received penicillin treatment which we arc tesung 
as a routine preoperative measure She was out of bed and walking 
around this morning and received no sedation until an hour befor 
operation 

Posttion of the Patient Anesthesia J endclystSf—The patient is lyio] 
on the table on her right side with the left arm thrown upwards ove 
her head The skm area of the entire left side of the thorax and for 
inches past the midline front and back has been prepared She wa 
anesthetized m the anteroom and a tracheal tube was inserted dow 
to and into the right bronchus She is receiving a cyclopropane oxygei 
anesthesia delivered under slightly positive pressure directl> into th 
right lung The pressure gauge is automatic so that if at any time th 
proper degree of positive pressure is exceeded the valve will open ani 
the pressure will immediately be reduced At intervals during th 
operation the anesthetist wall allow the lung to become deflated ani 
then will re expand it 

A venocl)sis has been started At present the patient is receivins 
glucose solution but later she will receive whole blood and plasma 

Exposure of the Lung —The skin incision starts betw een the posierio) 
aspect of the scapula and the midline of the back at about the leve 
of the fifth rib and sweeps downwrards and forwards in a large curvt 
ending under the breast in about the midclavicular line The bleeder, 
are tied as they are encountered to guard against the loss of blood 
The incision is extended to the muscles baring the thoracic cage Ar 
incision IS made over the sixth nb and practically the entire sLxth nb 
IS removed The pleura is opened and the left pleural space is ready 
for examination A few adhesions are holding the lung to the chest 
wall These are small and will be easily severed The mass at the left 
hilus which was seen in the x ray can be palpated and it feels freely 
movable No mediastinal glands can be felt at present nor any metas 
tases in either the visceral or parietal pleura It appears that the car 
cinoma has not spread and that the cise is operable Before the pleura 
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was opened, the left lung was m contact with the left parietal pleura 
for this woman did not receive a preoperative pncumothora’c, a pro- 
cedure which we have abandoned as being unnecessary 
Now the periosteum over the seventh rib is incised and it will be 
removed as was the sixth nb The intercostal vessels under the sixth 
and seventh ribs are isolated and ligated both anteriorly and posteri 
orl), and the sixth and seventh intercostal bundles are removed This 
gives us a wide incision into the pleural space, allowing us to see the 
entire field of operation easily As the nb spreader I use this well 
known self-retaining abdominal retractor because I have found it more 
satisfactory than any other nb spreader I have seen First the lung is 
mobilized b> cutting the few adhesions winch 1 felt between the vis 
ceral and parietal pleura The apex is now completely freed, and the 
hilus IS visualized With the apex down and the lung complctey mobil 
ized except at its base, I can feel that the mass is entirely within the 
left lung Again there are no palpable mediastinal glands By putting 
the lung on a slight tension a fold of pleura can be seen as it sweeps 
over the lung, over the hilus and then becomes the mediastinal pleura 
This fold is incised and the mediastinal pleura is readily separated in 
an arc that covers the hilus of the lung Tliere is practically no 
bleeding 

If this pneumonectomy were for multiple abscesses of the lung for 
example, my first effort would be to clamp the bronchus so as to 
avoid spilling the purulent matcrnl into the trachea As it is this does 
not have to be considered for two reasons In the first place, there is 
no sign of either an abscess or a bronchiectasis, and m the second 
place, having the tracheal tube extend to the right bronchus m itself 
Will prevent the flow of secretions from the left into the right lung 
The bronchus may be disregarded for the moment 
Exposure and Ltgatioii of the Left Eiilvwnary Artery —The dissec 
tion of the hilus is started by exposing the left pulmonary artery 
The left pultwowaty wteiy vs easily Mswahxed vmdei the arch of the 
aorta The vagus nerve is clearly visible through the mediastinal pleura 
as IS the branch from the vagus which forms the recurrent laryngeal 
nerve The nerve passes between the left pulmonary artery and the 
aorta just posterior to the ligament, which is the remnant of the due 
tus arteriosus (Botalli) At this site it is fairly easy to separate the left 
pulmonary artery from the structures m back of it The loose areolar 
tissue which covers the pulmonary artery on its anterior surface is 
stripped downward so as to expose the lower or caudal surface of the 
pulmonary artery Now a blunt nosed curved forceps can be passed 
entirely around the pulmonary artery with ease This blunt curved 
orceps carries with it a suture of No I thromic catgut The forceps 
IS withdrawn, leaving in its place a ligature around the pulmonary 
artery This ligature is tied tightly with a square knot which will not 
give The blunt nosed forceps is again passed under the pulmonary 
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arter> mcl t Kocher hcmostar carefully rested to make sure jt will 
not spring is placed hctatcen the ligature the Jung and the pulmonjn 
arter\ A second Kocher helnostir which also has been rested is place i 
between the ligature and the lung The puhuonarv artery is cut leai 
mg a suffitJcnr stump distal to the hgattire so that the 2/gaf»re cannot 
slip ofT All these large a essels are tied w ith a single ligature If the 1 ga 
ture IS pulled sufficient} taut and tied correct!} jt will not slip 1 
think It IS unwise to tie an} arrers with a so called double ligature 
because this will lease a portion of tissue complereh deprived of its 
blood supply and this tissue u dJ become necrotic at a place w here if 
IS of vital importance that postoperative healing should take place For 
those who are uncertain it is more advisable to re thread the suture 
and transfix the stump distal to the Jiganire than to tie a double liga 
ture 

Expontre and Ligation of the Left Pubnonary Vein —Now that thfi 
pulmonarv arterj lias been ligated and di\ ided the heart is not pump 
mg blood into the lung except through the comparamcl> small bron 
chial arteries /n this wa} when the lung is removed a Urge amount 
of blood which ordinarilv would be removed with the lung is pre 
served for the general circulation Lving pisc caudal to the pufmonan 
artcrv is one of the large left pulmonary veins The form of tlie« 
veins IS subject ro more varntion than the piilmonarv arrerv at timeJ 
the piilmonaf} vem to the upper lobe which we are nor going to d$ 
sect may divide so that there will be two or more branches instead 
of a single vein Exposing this vem is a much more difficult matter 
than exposing the artery The wall of the vem is thinner and more 
Care has to be taken in its dissccnon In this instance it appears that 
the vem IS still a unit at the exposed portion of the hilus \'Virh greaf 
care the areolar tissue is stripped from the v cm The v em is exposed 
m the same vvay that the pulmonary arterv was exposed A ligature 
is passed around it and the vein is ligated clamped and severed m the 
same manner as the pulmonary arrerv was treated The pulmonarj 
stumps of both the artery and vein are tied and the hemostats arc 
discarded 

Disjectio/i 0 / the Bronchus —The next structure to be dissected k 
the bronchus It can be done more easily with a posterior approach 
The intern across the table pulls the lung over towards himself thus 
exposing tiie posterior aspect of the hilus The incision through the 
hikis pleura which up to now has been over the anterior and upper 
(cephalad) portioas of the hilus is curved and continued downwards 
along the posterior surface and the pleura is gently reflected towards 
and away from the Jung by blunt dissection with gauze covered finger 
The bronchus is covered by a firmer areolar tissue than the structures 
ue have so far encounrered This tissue contains among other things 
the bronchial arteries and veins which should be saved as much as 
possible While the lung is pulled downwards the bronchus is pur on 
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a stretch, and b\ working both from the front and back the left 
bronchus is casib exposed There is a large Isnipli node o\crl\ing tlic 
bronchus close to the lung The gland is soft and therefore was not 
palpated while the hilus was intact The node is now dissected awa\ 
from the bronchus and rcnioted It has the feeling of an inflamed 



Tig 87 —Pneumonectomy— left lung At this stage the mediastinal pleura has 
een cut exposing part of the hilus of the lung The lung is pulled caudahvard 
owmiards The pulmonary artery has been dnided and ligated The pulmonar> 
cm IS exposed and also a bronchial hmph gland with the left bronchus just 
showing underneath 

S^and rather than one infiltrated with carcinoma and on section it his 
appearance of an adenitis rather than a carcinomatous extension 
•s gnen to the pathologist xvho xtill mal c a frozen section and will 
eport what the microscopic findings are [A few minutes later it was 
^e^ported that there w as no sign of carcinoma ] It is eas\ now to rc- 
cc more of the mediastinal plcma and cximmc the mediastinum sev- 
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eral centimeters above the juncaon of the left bronchus and the tra 
chea Except for one or two small soft lymph glands which have the 
same appearance as the larger one which was first removed, the medi 
astinum is clear These nvo other lymph glands arc easily removed 
and will be kept for section 

The left bronchus is now cleared and ready to be divided A 
Kocher clamp is placed about a cenameter and a half from the carina 
and the bronchus is crushed Between this clamp and the lung a 
second clamp is placed to prevent the bronchial secretions from escap 
ing, and the bronchus is severed between the two The severed ends 
are sponged to remove any secretions 

The posterior dissection of the hilus is continued, and the pulmo 
nary vein is carefully dissected from the lower lobe Here again there 
IS apt to be a variation, and there arc rwo branches at this level These 
veins as I sjid before arc thin walled and require careful delicate dis 
section so that thej w ill nor be tom The v cins are now hgated indi 
vidually and severed The long is held only by’ the pulmemr} 
ligament and any adhesions which may be at the base The pulmomrv 
ligament is carefully dissected before it is cut because often surpris- 
mgly large blood vessels are encountered These may be anomalous 
vessels arising from mtrathoracic vessels, or they perforate tlvrough 
the diaphragm In one instance I encountered an arterj almost as big 
IS my little finger which seemed to come through the diaphragm, and 
which would have led to a great deal of hemorrhage if it had not 
been recognized In this case there arc no basal adhesions The lung is 
Ixfced and a clamp is placed on the rest of the pulmonary ligament 
The ligament is cat, freeing the lung, which is lifted our of the 
thorax and passed to the pathologist The pathologist will open the 
lung here for macroscopic study 

The pathologist demonstrates the sectioned left lung There is a hard fiim 
tumor about 1^ or 2 inches in diameter which is obviously carcinoma and which 
has invaded the long in an irregaiar panem The left mam bronchus a uivoini 
at the sice of origin of the lower lobe bronchus This latter bronchus is almost 
closed by the growth Attention is called to the apparently normal section of 
the bronchus between ihe point of section and the beginning of visible carcinoma 

Closure of the Bronchus and Burial of the Stump -We now come 
to two very important steps m rhe operation, the closure of the bron 
chus and the bury mg of the stump The hemostat closing the bronchus 
IS lifted up, and a long silk suture is placed at either end of the stump 
proximal to the Jiemostat to act as guy ropes The area around the 
bronchial stump is protected with wet gauze The guy ropes are 
pulled taut, and the hemostat is removed The crushed tissue still 
adheres but is separated with tissue forceps The stump is now wide 
open It IS aspirated with a suction tip which is immediately discarded 
The bronchus looks normal A comparatively smdl amount of air is 
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escaping, showing that the tracheal tube is well down m the right 
bronchus The bronchus is trimmed, rcmo\mg some of the crushed 
tissue and what little tissue was left distil to the hemostat Tlie bron 
chus is closed with two mattress sutures which approximate the 
crushed tissue Three other mattress sutures of silk, ire placed entering 
the bronchial walls proximal to the other sutures and thus burying the 
other sutures when thc> arc tied The two giu sutures arc now tied 
and the bronchus is completely closed No more air or anesthesia is 
escaping The gauze is remoted, the gu\ sutures arc cut and the bron 
chial stump drops dow n into the remainder of the lulus 
The entire area is now irrigated with normal saline solution to re 
mote any blood clots, and the wound is inspected There is no bleed 
mg The stump of the bronchus lies pariiallt retracted at the upper 
end of what was the hilus Below and antcnorl), and below the stumps 
of the pulmonary terns, lies tlic pulsating stump of the pulmonary 
artery These other few ligatures close off the smaller tcsscls encoun 
tered in the areolar tissue around the bronchus, in the lulus and in the 
pulmonary ligament The setered ends of the few apical adhesions 
which we cut arc inspected to be sure that there is no bleeding from 
them This inspection is facilitated by a large laryngeal mirror with 
which the undersurface of the thoracic wall can be seen 
The next step is to burs the bronchial stump With a few inter 
rupted silk sutures the fairly good flap of mediastinal pleura with its 
underlying areolar tissue is brought from the anterior surface of what 
the hilus to the areolar tissue from the posterior aspect This 
buries not only the bronchial stump but in this case also the stump 
of the pulmonary artery No attempt is made to close o\er the lower, 
caudal part of w hat w as the hilus 

Resection of Phreiitc Nerze to Paralyze the Diapljragtti —We now 
have one more step to perform before closing the chest wall, a step 
"hich may be forgotten because it is not obvious This step is resec- 
^on of about an inch of the phrenic nerve to paraly ze the diaphragm 
1 he object of this is not so much to paralyze the diaphragm as it is 
to dmiimsh the remaining pleural space on the left side because the 
paralyzed diaphragm rises high into the thoracic cage The phrenic 
nerve is clearly seen as it lies on the pericardium It is easiIy’^ dissected 
5®® Its associated vessels Ligatures are placed proximally and 
istally, and about an inch or so is excised 

^'ostire of the Wound —We arc now through with the operation 
except for the closure of the chest incision The thoncic cavity is 
nW the upper part of the hilus is closed over com 

the bronchus The heart is beating firmK and steadily 
and the pulse IS fair 

With ^ closed by approximating the cut muscle layers 

interrupted sutures of chromic ca^ut, and the skin is closed with 
nnmg suture of black silk The suture line is covered with a strip 
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of petrolarum gauze A fairly large hard rubber catheter is left la the 
pleural space and it is alloued to protrude through the other\iise 
dosed mciMon The end of this catheter is held down in the bottom 
of a medicine glass filled with water and held low so that no water 
will nm lijtlv into the pleural cat in The anesthetist continues the 
-inesthes/a used dann' the operation, ind Jir bubbles from the end 
of the catheter Now that the wound is closed, the chest wall assumes 
Its bellows action, and during each expiration air bubbles from the 
catheter Pressure on the abdomen increases the amount of escaping 
air After has mg thus gotten nd of a small amount of asr, the cathettr 
is removed The fact that the pressure of the anesthesia was low, that 
the catheter was held under an appreciable column of water and that 
there has been no forced expiration assures me that we have not over 
expanded the right lung 

Posioperahve Care —The mouth and retrophir>nv arc now care 
fullj aspirated and the tracheal tube is removed while a tracheal 
aspirator is used The anesthesia is stopped The patient will receive 
intranasal oxvgen as long as she is in the operating room and on the 
carr, and she will he put to bed under an ovvgen rent 

She will be placed on her operated side before she is awake, and 
after she is awake she will be encouraged to he on her left side most 
of the time Since most of these patients are partially awake before 
thev reach their rooms, thev are placed on their operated side while 
being lifted from the operating table to the cart The rest of the treat 
mem is maml) s\ mptomatic Pam is treated w ith small doses of mor 
phme Shock, if it occurs, is combated with intravenous infusions of 
glucose, saline whole blood and plasma The oxvgen lent is continued 
usually for rwentj four or forty eight hours or longer if there is 
dyspnea Food is given b) mouth as soon as tolerated and in amounn 
as tolerated The patient will be allowed to sir up m bed bv the second 
or third day if she wishes and will be out of bed as soon thereafter as 
she IS strong enough— probably in the sixth or se\ emh da) 

Of late we have been placing *10000 or 50,000 units of penicillin in 
normal saline tw ice dailv mto the chest cav it> This patient w ill get 
her first dose after the catheter is removed while she is still in the 
operatjoff room This is done by means of a sv nnge and needle \'e 
have been continuing this for the first two or three davs postopera 
tiveJy, then waiting until the Sixth dav and repeating the procedure 
for three more days It is probably about the fifth or sixth dav that 
the danger of a leak of the bronchial stump is greatest The sutures 
will keep the stump closed for that length of time On the fifth or 
sixth day the bronchial stump used to open in the experimental an) 
mals upon w horn I performed pneumonectomies before I realized that 
the bronchial stump had to be buried The use of pemcillin is sol' 
in the expenmenta) stage At the present time I think that we have 
had much smoother com ilescenccs and no empyemas except in 
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grossly infected eases since we Ime used penicillin preoperatu els , 
postopentn el\ and intnplcurally. 

The fluid which will collect m the left chest also can be treated 
sjinptomaticallv. As long as the fluid is iwit infected and is not causing 
respiratorv difflcults by undue dcflcMon on the nicdnstinum or car- 
diac embarrassment b) undue pressure on the heart, it is beneficial, as 
Rhienhoflf has shown. In about half of the eases we nc\cr lia\e to 
withdraw any fluid, and in man\ of the rest the small amounts that 
ha\c been withdrawn mas not ha\c done much good 



THE SURGICAL REPAIR JN VARIOUS TYPES OF 
DIAPHRAGMATIC HERNIA 

John M DoRstY, iM D • 

EMBRYOLOSY OF THE DIAPHRAGM 

In discussing the surgical repair of diaphragmatic hernia, it is iin 
portant first to consider the embryologic formation of the diaphragm 
The various failures of thxs process lead to the varieties of hemu 
which we arc called upon to deal ivith Bremer* has described the 
embryology of the diaphragm as follows 

The diaphragm m man consists primarily of the septum transversum i 
sheet of connective tissue which, m very young embryos, forms the caudal 
limit of the pericardial cavity, and stretches from the ventral and lateral body 
walls to the ventral wall of the foregut (later esophagus) Behind the dorsal 
edge of the septum on either side of the foregut the pericardial cavity con 
nects freely with the peritoneal cavity The two passages thus formed are to lodge 
the lungs and may be called the pleural passages Each becomes cut off from 
the pencardial cavity by the simple growth from the lateral wall of a thin 
membrane which ultimately teaches and fuses with the lateral wall of the 


thick upper and thin lower sheet This pan I have called the dorsal septal 
extension The fusion of the three edges of the extension, dorsal lateral and 
mesial, with the body walls and medtasemum to effect complete closure is, 
however, not simple T)ie dorsal edges fuse with the tops of the adrenal glands 
which being large and precocious m man, bulge forward from the donil 
wall to meet them The lateral edges meet the pleuro pentoneil membranw 
structures which form the covering walls of small mches in the lateral walls 
The two mesial edges have differing histones On the nght side a tubular 
niche develops m the wail of the mediastinum lying in the pulmonary ligament 
and the septal extension meets and fuses partly with the mediasunum and 
parti) with the membrane covering this niche On the left side the stomach 
swings far to the left crowding aside the dorsal lobe of the Lver and m 
septal extension Only after die stomach has descended lower in the abdomen 
do the hepatic lobe and the septal extension grow over it The extension then 
fuses with the mediastinum directly 

The septal structures form only the membranous portions of the diaphragm 
The muscular parts are formed by the burrowing of the expanding pfeurjJ 
cavities into the body wall in suci a way as to strip off the inner hytt of 
muscle and fascia winch then forms the peripheral part of the diaphrag^ 
The burrowing starts from two pomts with a slight gap between and proceeds 
in two directions, first from behind the adrenal gland pushing caudally 
mesially and second, from the dorsolateral angle of each cavity extent"? 
around the ribs to the anterior thoracic wall The muscles peeled off by these 

• Assistant Professor of Surgery (Rush), University of Illinois College of Medi 
tine. Associate Attending Surgeon, Presbyterian Hospital (^icago 
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two separate processes later fuse edge to edge, leaxing at the gap a triangular 
area pcripherall> , later closed by blirous tissue and known as the tngonum 
lumbo costale 

The completed diaphragm is thus a complicated structure, the result of a 
long senes of dcsclopmcntal processes of discrsc nature In such circum 
stances it is almost axiomatic cnibr>ologically that the later steps in the process 
will be most subject to anomalous changes One might expect, therefore, that 
the most common form of diaphragmatic hernia would be through the 
tngonum lumbo costile the so called foramen of Hochdalek 

DIAPHRAGMATIC HERNIA IN INFANCY AND CHILDHOOD 
Our clinical experience Ins been in accord with the foregoing con 
ception of the embryologx of the diaphragm It is in the period of 
infancy and childhood that die clinical signs of this defect appear 
The newborn infant may die from asph>\ia or from aspiration pneu 
monia before the abnormality is recognized The loops of bowel mal- 
placed m the thoracic cavit> , incarcerated or at least retained there b} 
the negative intrathoracic pressure either embarrass respiration enough 
to produce death from asphyxia or cause regurgitation of stomacli 
contents into the respirator) tract If death docs not occur as a result 
of cither, bowel obstruction may supcracnc Occasionally a child will 
survive all of these, as illustrated m the following case 

Case I — J A S a 4 year old girl, entered Presbyterian Hospital on April 24 
1939 because of impaired physical development Her parents had consulted a 
pediatncian who obserxed a visible cardiac impulse far to the right and an ab 
sence of breath sounds m the left pulmonary base associated with hyper resonance, 
and an abdomen which was much less full than normal X ray of the chest was 
ordered and this appears as Figure 88 It was obvious that the clouding of the 
enure left lung field was due to the presence of loops of bowel above the dia 
phragm Figure 89 is that of chest after a barium enema The colon from the 
nudpottion proximally is within the left pleural space and Figure 90 shows that 
in the lateral view, loops of small bovscl are also present 

Operaiion —Repair of the developmental defect was recommended 
and this was earned out as follows 
On April 26, through a 1 inch long incision 1 fingerbreadth above 
the left clavicle, the anterior scalene muscle was approached in the 
nsual manner The phrenic nerve in this instance was found to be a 
hrm filamentous strand running downward and medially on the mus 
cle It was crushed with a small pointed forceps Tluoroscopy on the 
next day showed the left diaphragm to be elevated and moving para 
I oxically on respiration On April 28, under ethylene anesthesia, the 
''Caphoid abdomen was incised and, through a left upper paramedian 
incision, the left rectus muscle xvas reflected laterally and the perit- 
oneal cavity entered There x\as an almost complete absence of the 
normal abdominal contents The entire jejunum, the terminal ileum 
e cecum and ascending colon including the appendix and the prox- 
of the transverse colon as well as the spleen were 
ound to be m the left thoracic cavit), gaming admission by way of 
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1 defect through the tngonum lumbo costjlc A small catheter was 
placed thr<nigh this opening to cqin1i7c the ahdoniiml and thoracic 
pressures to allow h\ gentle traction these Msccra to be removed from 
tlieir abdominal position The defect m the diaphragm w is approxi 
nutel) 6 cm long There was no hernia! sic present The edges of the 
defect were freshened and closure was made b\ imliricating the edges 
of the p3ral\7cd diaphragm over one another with interrupted inn 
tress sutures of double braided silk Additional interrupted silk sutures 
completed the overlapping closure of the diaphragm, as the catheter 
was withdrawn with the placement of the last suture 

The operation up to this point was perfonned under ethvlcne anes- 
thesia Because it was readdv apparent that the viscera previouslv m 
the chest could not be replaced into the abdomen w ithout too great 
tension, it was decided to dilate the alidominal wall manuallv under 
deep ether anesthesia such as I have dcscrihed.'* so that closure might 
he more rcadilv effected This was accomplished without difficultv 

The child was given 300 cc of citratcd whole blood during the 
course of the operation and was renirned to her bed to be placed in 
oxvgen The abdominal wound was closed in lavers m the usual fash- 
ion, using three silkworm sutures for tension Her postoperative course 
was uneventful, and a roentgenogram of the chest eighteen months 
after operation showed a high left diaphragm hut an othenvisc nor- 
mal chest 

Comment— Careful investigation of the earlier historv of this child s 
difficultv revealed the fact that \-ravs of the chest within a few davs 
‘tfter birth did not disclose the presence of a diaphragmatic hernia 
This developed at a later date, probalilv within the first few months 
of life The child s rcspiratorv svstem was able to compensate for the 
impairment of function of the collapsed left lung, hut her general de- 
velopment was retarded The fact that the abdominal viscera did not 
occupy their normal position led to a greatlv reduced abdominal capac- 
replacement of these viscera had been earned out without 
dilatation of the abdominal cavirv, it is doubtful whether the child 
vv ould hav e w ithstood the anoxemia w hich might hav e dev eloped from 
the respirator) embarrassment produced bv the upward pressure on 
the diaphragm of viscera in a space too small to contain them It is 
this difficult) w hich led Ladd and Gross- to describe a tw o-stage opera- 
tion for the repair of diaphragmatic hernia in infants At the first stage 
t e replaced viscera arc enclosed onlv bv the skin and subcutaneous 


L (Case I) —Clouding of the entire left lung field with displacement of 

•5f*^Bo^chd diaphnpnatic hernia through left foramen 

(Case I) — Banum enema revealing opacic> to be due to colon from 
Fi cecum plus loops of small bowel 

onen^ ^ (Case 1) —Lateral view of same showing posterior location of hernia! 
ing the cecum and appendix can be identified just anterior to \ ertebral bodies 
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tissue of the abdominal wall 1 hese are sutured carefully with jntcr 
fupted silk At the end of mt to seven davs the wound is reopened 
and a careful layer-b> -ia> cr closure is made after more physiologic 
stretching of the abdominal wall has taken place during the interv'ai 
There is a hazard m this method of management and that js the dan 
gcr of evisceration during the rune betw een the first and second stages 
In the case of the patient above described this method had not as yet 
been reported and the rnmual dilatation of the abdominal w-all \us 
carried out because of the recognized need for greater space 

Because the presence of the largest part of the liver on the right 
seems to help in the closure of the tngonum lumbo cosrale. we see 
right sided Bochdalek foramen hernias m children much less be 
qucntly Howev er, it is quite possible for them to occur in the same 
fashion as on the left side 

Case II— D L H an 8 weeks old infant, svas brought to the Pteshytenin 
Hospital m March 1942 with a history of a sudden onset of respiratory difficulty 
accompanied by cyanosis lx was suspected that the child had pneumonia, and »n 
X ray of the chest was ordered Figure 9| u an x ray of the child s chest showing 
air in loops of bowel above the right diaphrapm The right lung is partially con 
pressed and the hean displaced to the left In Figure 92 a lateral view of the cheii 
reveals the loops of bowel to enter the thorax through a posteriorly located open 
mg The prcopcrativt diagnosis of diaphragmatic hernia through the foramen of 
Bochdalek was made and itnmcdiare suqter) advised 

Operabon-ln the short preoperattve perind, fluid balance was re 
scored bv mcr^venous administration of 10 per cent glucose m norimi 
salt soiunon The child vvas then given gas anesthesn with a right 
fitting mask, and the abdomen was opened through an upper para 
median incision It was possible to displace the liver enough to palpatt 
and visualize an opening in the posterior diaphragm through which 
loops of small bowel entered the thoracic cavjty By gentle traction 
these were brought back into the abdominal cavity It was then nec« 
sary to alter the previous incision b> transversely dividing the right 
rectus muscle This gave adequate exposure of the diaphragmatic detect 
and allowed for its simple closure w ith several interrupted silk sutures 
The abdominal wall was then closed m the fashion adv ocaied by Ladd 
and Gross The abdominal incision was secondanI> closed at the end 
of SK daj s, and the patient s convalescence thereafter was quire un 
eventful Figure 93 js that of a lateral roentgenogram of the chest post 
operatively, sliovvjng the sharp bne of the repaired diaphragm widi 
air containing viscera below Figure 94 is another postoperative roent 
genogram of the chest made two years later, demonstrating the ade- 
quacy of the repair 

Comment.-The surgical repair of the nght- and left-sided diaphrag 
mane hernias, the former in an infant of 8 vv eeks, the latter m a child 
of 4 years, was carried out in each instance through an abdominal in 
cision It is quite possible in infants and young children to obtain ade 
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airi*^ —Roentgenogram of chest of eight week old infant showing 

bowel above right diaphragm Tlie right lung is partially compressed 
and^the heart displaced to the left 

bowefl^^ (Case 11) —Lateral mcw of I igore 91 Note the posterior entrance of 
l^ps mto the thorav and the relame anterior position of the liver shadow 
sharo^l ^ (Case 11) -Lateral roentgenogram of chest postopcratively Note the 
^c'o 4 diaphragm with air containing viscera below 

evndpn (C®*® R) — Anteropostenor view of chest two years postopcratively No 
ce or recurrence of hernia Both sides of diaphragm sharp m ' 
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quite exposure of the dsaphragm through the abdomen Retraction and 
packing off of abdominal \isccra readily accomplishes this purpose h 
IS interesting to note that whereas the User shadow m infants as dem 
onstrated in Case II maj be quite sizable in the anteroposterior direc 
tion, still from the lateral aspect the liter is shown to occups an an 
tenor location allowing for free exposure of the diaphragm on the 
right This was comrar> to in> prcMous expectation On the left side 
as m Case I, it was not necessary to deal with the liver, so we were 
confident that the abdominal approach would be quite satisfactory U 
cannot be too strongly recommended that immediate surgical repair 
of this type of diaphragmatic hernia should be carried out, whether 
the defect be right or left sided Procrastination with the excuse of 
improxing conditions of nutrition and hsdration except in the imme 
diate preoperatne penod should be itoidcd These infants seem to 
stand anesthesia and surgery quite sansfactoriU 

DIAPHRASMATIC HERNIA IN THE ADULT 

The second most common diaphragmatic hernia is in the region of 
the central tendon tendinous centrum on the left side near the esoph 
agus The organ most frequenrh iniohed is the stomach This is re 
ferred to as a hernia through the dome or through the esophageal 
hiatus It IS due to the failure of the last step m the closure of the 
pleural passage the groxxth nboxc the descending siomath of the ihia 
strip of liver and septal extension to lom the mediastinum Except for 
the large opening the diaphragm m this i\ pc is normal In addition 
other types of defects may be seen vn the adult, such as hermatton 
through the anteriorly placed foramens of Morgagni Tliere may also 
be found malformations of the lumbar sector of the diaphragmatic 
muscles leading to complete absence of one or both dorsal lobes 
Through such large openings many of the underlying organs coulJ 
pass These are all congenital defects In the adult too, we see acquited 
hernias from trauma such as bullet xvounds and stab wounds thoraco 
abdominal injuries of various kinds and the rare herniation following 
subphrenic abscess 

The most commonK encountered diaphragmatic hernia m the adult 
1$ the one alluded to in the region of the esophigeit hiatus The svnip 
toms of this hernia may not manifest themselves until the various forces 
producing increased mtra-abdominal pressure in the adult, such as 
pregnancy, constipvtion severe coughing or trauma, may cause the 
stomach to occupv the hemiil sac previously present It is this pat 
titular problem w hich w e encountered in tlie follow mg case 

Case in -Mrs 1> M entered the Vres\ Hospitjl m January !94t com 

jilaining of nausea and vonnnng associated with epigastric pain after b'od taUOR 
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Operation.— Surgical rcpiir was decided upon and witli the patient 
King on the operating table, left side iippcnnosr, the left eighth nli 


IlR 95 



Fj& 96 Fig 97 

Fig 95 (Case 111) —Anteroposterior roentgenogram showing barium in portion 
0 stomach above diaphragm ^\'hereas this appears to be on the right side, it is 
actuall) posterior mediastinal in location 

rig 96 (Case 111) —Spot film of Figure 95 showing large esophageal hiatus type 
ot herma of stomach filled with banum 

*g 97 (Case III) —Postoperative fluoroscopic view of stomach The left dia- 
P is high due to phrenic nerve intcmipnon at time of surgerv, but stomach 
IS well below it. 


"as r«ected from angle to the costal cartilage The pleural space was 
opened widely through the bed of the resected rib. The left lung was 
ound to be free of adhesions to the parietal pleura, collapsed w'hen 
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the chest uas opened and was packed out of the operative field after 
division of the pulmonary ligamenL Under the mediastinal pleura an- 
terior to the aorta and behind the pericardium could be palpated the 
posterior mediastinal hernial sac containing stomach This sac extended 
to the right of the midline, as was quite evident in the fluoroscopic 
studies The phrenic nerve was crushed as it coursed from the pen 
cardium to the diaphragm The pleura over the sac was incised ex 
posing the sac itself This was completely divided m its entire cir 
cumfercnce, allowing the upper portion to remain within the chest 
and the low er portion to remain attached to the stomach This left a 
region of stomach wall denuded of serosal covering The edges of the 
esophageal hiatus were freshened and the hiatus itself was closed 
snugly about the terminal esophagus through which had been led a 
normal size stomach tube This was to prevent closure which might 
be too snug The sutures immediately adjacent to the esophagus were 
of catgut to allow for subsequent dilaranon of the hiatus should dj-s 
phagia occur 

The rest of the closure was carried out with heavy braided silk mat 
tress sutures, imbricating the edges of the opening over one another 
A catheter was then placed through a stab w ound m the posterolateral 
chest wall and the thoracic wall closed m lavers Multiple interrupted 
sutures of No 2 black silk were used on the intercostal muscles and 
tied as the ribs -were held together b> a nb approximater The muscles 
of the thoracic wall were then closed with interrupted catgut sutures 
and the skin with running silk The patient was returned to her room 
and placed in an oxygen tent The catheter leading from her chest 
w all was attached to a Wangensteen gravity aspirator 

Postoperatively, penicillin was administered m doses of 30 000 units 
every three hours for four days The patient was removed from the 
oxygen tent at the end of foit> eight hours, the catheter was removed 
from her chest after a porablc \ ray had demonstrated that the lung 
had completelv re expanded on rbe fourth day The patient was out 
of bed on the fifth day and left the hospital ten day s after the opera 
tion Figure 97 is a roentgenogram of the chest and abdomen after a 
barium meal postoperatively Whereas the left diaphragm is elevated 
because of the previous phrenic nerve interruption, it is quite clear 
that the stomach is entirely below the diaphragm 

Comment— It is essential that the exact anatomy of the hemial sac 
be understood to insure proper surgical handhng There are, for pur 
poses of simplicity, three layers which contribute to the formauon of 
the sac They are, first, the peritoneal reflection of the peritoneum onto 
the cardia of the stomach This goes to form the gastrophremc Iiga 
ment In those individuals with enlarged esophageal hiatuses this re 
flection is at a low er level on the stomach As the stomach herruattf 
into the posterior mediastmum, this becomes the innermost layer of 
the sac Just externa! to this js the thicker fibrous diaphragmatico- 
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esophageal membrane Bcmeen the t^^o mas be loose adipose tissue 
The outermost layer is the mcdiastinil pleura All of these cosermgs 
must be divided to denude the stomach and allow for effective closure 
of the diaphragm about the esophagogastne juncture 
With the adv ent of esophagogastrostomv as the successful surgical 
treatment for carcinoma of the lower esophagus, it has been necessarv 
for surgeons in completing this operation to produce a diaphragmatic 
hernia Similar in location to the tj pc described in the preceding case. 
It differs however in that no sne is present Probably for this reason 
It does not tend to increase in si7c as does the sliding tv pc of hemn 

Case IV— A 40 > car old male Negro had complained of dj'sphagia of two 
months’ duration Esophagoscopic btopsj proved the irregular defect above the 
diaphragm to be a squamous cell caranoma Through the usual transthoracic ap- 
proach, the lesion was resected and intestinal continuity re-cstablished b> end lo- 
side union of the esophagus to the stomach at the level of the aortic arch It 
was necessary in this instance to perform the procedure described by Garlock of 
rcmov^ng the esophagus from its bed beneath the aortic arch and bringing it 
over the aortic arch to allow for anastomosis without tension with the stomach 
A lateral roentgenogram of the chest after ingestion of banum showed that the 
stomach was as high as the midthorai 

These patients m whom it is necessarv to bring a large portion of 
the stomach above the diaphragm, complain of the symptoms which 
've recognize as being due to diaphragmatic hernia, but they*^ may^ be 
allocated by careful dietary management to allow for reasonable com- 
fort considering the magnitude of the underlying condition for which 
operation was done 

Comment— In adults many esophageal hiatus hernias are seen which 
may be asymptomatic or which may produce svmptoms of a very’ 
niild nature As has been pointed out bv Harrington, diaphragmatic 
hernias of this type may mimic the symptoms of gallbladder disease, 
duodenal ulcer, coronary disease or any condition of the upper abdo 
nien Needless to say, even though diaphragmatic hernia is found, it is 
absolutely necessary to rule out other conditions with which it may 
be associated Indeed, some authors bchev e that the production of 
diaphragmatic hernia in certain individuals is due to a reflex vagal 
stimulus arising from some upper abdominal disease process, such as 
cholecystitis or duodenal ulcer, which causes a shortening of the esoph 
and tends to pull the stomach into the thorax 
Diaphragmatic hernias w ith mild symptoms need not necessarily re- 
quire surgical correction Careful medical management involving diet- 
restriction, such as avoidance of gas-producing foods, mulaple 
small feedings, with emphasis on a particularly bghc evemng repast, 
inay sufficiently reheve the symptoms of distress so that surgical inter- 
vention may be avoided After all, a procedure of this magmtude car 
nes With it a defimte nsk which must be weighed against the seventy 
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of the compbint, taking into considention the jgc and general con- 
dition of the patient at hind 

When symptoms arc pronounced, houeser, ind relief is not ob 
tamed by ordinirv medical meamres, surgery should be resorted to 
It IS my feeling tint in the average adult, with the improvement in 
anesthesia, the advent of penicillin, the increasing experience in tho- 
racic surgery and the ease of rcpiir because of more readily obtained 
exposure through a transthoracic incision, surgery is the proper course 
It IS difficult to improve upon the results of surgerv of diaphragmatic 
hernia as reported bv Hirrington/ most of whose procedures have 
been done through the abdomen Lxeept in exceptionil cases, however, 
these esophageal hiatus hemm max be approached through the chest 
with much greater ease to the surgeon and no more risk to the patient 
furthermore, patients with thoracic wounds nny be gotten out of 
bed perhaps a little earlier than those with ibdominal incisions and this 
will tend to further dimmish the pulmonary complications This is 
all m contradistinction to the surgery of diaphragmitic hernia m chil- 
dren, where exposure and case of operation cm be accomplished quite 
adequately through the abdomen 

REFERENCES 

1 Uremer, JohnL Diaphragm and Diapbrapmatic Hernia Arch Path , /tf 5J9-f49 

(Dec) WJ 

2 Ladd, \\ E. and Gross, R C 0)ngcnical Diaphragnnuc Hernia New England 

J Med. 22J-917-92S (Dec 5) IWO 

J Dorse), J M Principles Involved m the Surgical Treatment of Diaphragmine 
Hernias in Children J Thoracic Surg, fJ 267-274 (Feb) 194J 
4 Harrington, S \\ Dophageal Hiatus Diaphragmitic Hernia Ftiolog) Dog 
nosis and Treatment m 12) Cases J Thoracic Sorg„ ! 127-149 (Dec) 19)8 


SURGICAL TREATMENT OF MALIGNANT TUMORS OF 
THE DUODENUM EXCLUSIVE OF THOSE ARISING 
FROM THE PAPILLA OF VATER 


Aiexandfr IiKusscn\\ jr, AI D , T A CS * \m> I\ \n C Tiholiz, AI D 

AIalicnant neophsnis of the duodenum exclusive of those arising in 
the pipilla of Abater or its immediate vicmitv arc regarded as rare The 
incidence at postmortem examination has been \ ariousl) estimated from 
one case m e\er\ 3000 to one ease in c\cr\ 31,000 autopsies 
These neoplasms arc classified as to their location in respect to the 
papilla of Abater Those m the first and upper segment of the second 
ponions of the duodenum arc referred to as “suprapapillarv , those 
below the papilla, as infrapapillarx” growths 
The number of reported resections of malignant tumors in the duo 
denum is few indeed A review of the literature up to 1942 reveals 
that in seven instances of suprapapillarv carcinoma, four of the patients 
survived operation, one reported himself still well seven and one-half 
months later Up to 1945 tlierc were sixteen resections of mfrapapillarv 
carcinomas, one patient died six v ears after operation and three hv ed 
twelve, fifteen and twentv months rcspcctivclv Up to 1945 there have 
been five instances of resection of sarcoma of the duodenum with 
survival of two, four, five and tvvcnt>-six da>s and of nine months 
(this death from mctascascs) rcspcctivelv Because of their rarity, pri- 
mary malignant neoplasms of the duodenum arc u5uall> not considered 
in the differential diagnosis of upper abdominal malignant tumors 
Their clinical manifestations arc those of obstructing neoplasm of the 
p>lorus and m most instances this has been the preoperative clinical 
impression Roentgenographic examination of the stomach and duo- 
denum, however, penvwts of the ^icowTatc looahzatvow of the twmor, 
unless It IS in the first segment of the duodenum just beyond the 
P>lorus, m which instance differentiation from neoplasms of the latter 
maj not be possible The number of primary malignant neoplasms of 
the duodenum seen b> any one operator being limited, experience has 
not yet been sufficient to warrant general conclusions in regard to the 
surgery of these growths The following account is a record of what 
was done m a personal series of five patients with malignant neoplasms 
of the d uodenum f Surgical attack consisted of (1) resection of the 

From the Department of Surgery Unncrsity of Chicago School of Medicine, 
v-nicago 

f Professor of Surgery, Uni\ersit> of Qiicago Attending Surgeon University 
Clinics Chicago 

TThe records of these patients were faalitated by the Charles and iMar> F S 

orcester Fund of the University of Chicago 
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tumor and portions of the duodenal wall involved (2) resection of a 
segment of the duodenum and adjacent segment of the head of the 
pancreas, and (3; pancreatoduodenectomy to resect the entire duo 
denum and head of the pancreas 

RESECTION OF THE TUMOR 

1 (F K ) Roentgenograms revealed a polypoid tumor mass in the lower 
p< rnon of the second segment of the duodenum (Fig 9S) 

Operation (Fig 99) —I An upper midline incision was used 
2 The transverse mesocolon arising from over the head of the pan 
creas was transected at its base care being cvercised to avoid injurj 
to Its vessels and reflected downward to permit evposure of the entire 
duodenum and head of the pancreas 



Fig 98 "'(Case I) Roentgenogram showing S pyjonc poruon of stomach 
D duodenal 6ufb T large papillomatous tumor in second portion of dtiodenow 
(Courtes> American Journal of Surgery ) 

3 A longitudinal incision was made through the anterior wall of 
the second and first portions of the third segment of the duodenum to 
expose an ulcerated rounded tumor mass bulging forw'ard from the 
posterior mesial wall of the duodenum The papilla of Vater was not 

■f The tumor was grasped by the left hand and pulled upward 
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bringing with it the surrounding duodenal uall With scissors m tiie 
right hand transection of the duodenal vall about the base of the 
tumor was carried out beginning bejond its distal (lower) pole As 
this proceeded it became apparent that the entire thickness of the duo- 
denal wall and underlying pancreatic tissue was being incised With 
the last cut of the scissors, a gush of clear fluid and then bile occurred 
The terminations of the common duct and mam pancreatic duct had 
been transected Thus the papilla of Vater had been sccondarilj in 
\olved by the growth 



Fig 99 (Case I ) — (1) Exposure of carcinoma, T", in second portion of duodenum 
longitudinal incision in bowel wall (2) Repair of resected portion of postero 
mesial duodenal wall by one layer of interrupted sutures CD and PD, Transected 
common bile and mam pancreatic ducts respectively sutured into upper angle of 
wound The resected tumor arose m the lower portion of the second segment of 
duodenum and involved papilla of Vater secondarily (compressed it upward but 
did not infiltrate into it) Patient well seven years and 10 months after operation 


5 The elliptical defect in the posterior wall of the duodenum was 
closed by a single layer of through and-through interrupted silk sii 
^res which included pancreatic tissue 

6 In the upper angle of the above wound the common bile and 
^am pancreatic ducts were sutured to each other by two sutures and 
then into the duodenal wall by interrupted sutures, finally closing the 
'vound completely 

7 The incision in the anterior wall was closed by nvo layers of 
•nterrupted silk sutures 

8 The abdominal wound was closed m layers without drainage 
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Histopathologic S^fKi/y — Mcdullar> carcinoma of the duodenum The small 
poljhcdral cells resembled those of a carcinoid > et did not afford reduction of 


ten months after operation 


SEGMENTAL RESECTIONS 

Upper Duodenum 

Case If —Roentgenograms rescaled a stenosing lesion that was thought to bi. 
in the terminal pylorus tFig 100) At laparotomy a scirrhous carcinoma was 
found insoKing the first segment of the duodenum and infiltrating downward 
into the head of the pancreas There were no apparent metastases 




Fig JOO (Case 11) —Roentgenogram showing S pylorus D rigid and de 
formed first segment of duodenum containing carcinoma B duodenum bc>on'^ 
neoplasm 

Operation —Excision of the growth was carried out as follows (FIS' 

101 ) 

1 The lower stomach was mobilized Rubber cos ered damps we^ 
applied at the junction of the lower third with the upper two third' 
and the stomach was disided 

2 The p> lotus Mas reflected to the left and an incision nude into 
the head of the pancreas to free its upper antenor third with the duo- 
denum since that portion of the hcid of the pancreas was imohfd 
b\ the duodenal grow th 
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3 The first segment of duocknum with adherent portion of tlie 
head of the pincrcas was complctcK inol)ili/cd as was the upper third 
of the second segment Care was exercised to avoid mjiirx to the sub- 
jacent common bile duct and portal xcin 

4 The duodenum was transected at the junction of the lower tx\o- 
thirds of the second segment with its upper third The distal segment 
'vas ligated and the stump imaginated with two concentric purse- 
strmg sutures of linen The lower stomach and upper portions of duo- 
denum with adherent part of the head of the pancreas were removed 

5 Hxamination of the raw surface of the head of the pancreas re- 
' ealed no gross ev idcncc of the main pancreatic duct This surface w as 
compressed b) interrupted silk sutures taken through the margins of 
the incised area 




fig 101 (Case II) —(1) T, Carcinoma m first segment of duodenum invading 
upper anterior aspect of head of pancreas O and O Lines of transection in stomacii 
and second portion of duodenum f’. Papilla of Vater not injured (2) Situation 
after resection showing PoI>a gastro|C)unostom> (posterior) and P (shaded area) 
resected surface of upper portion of head and ncci of pancreas Mam pancreatic 
and common bile ducts vtere not injured 


6 Posterior Polya gastroenterostomy was performed 

7 The abdominal wound was closed in layers with two large soft 
rubber drams to the site of incised pancreas The postoperative course 
"as uneventful and the drains were removed on the fifth day 

Pathologic Study —The muco a of the first segment of duodenum was replaced 
y an elongated ulceration 3 cm in length with raised rolled borders of edematous 
lucosa This extended proximally to the pylonc sphincter, not beyond The 
I ^ f beneath it in the resected portion of the 

to^th^l P^f’crcas there was marked induration which however did not extend 
first ° resection Histologic stud> revealed adenocarcinoma ansing m the 

segment of duodenum and infihranng the subjacent pancreas 
paln^j/^^”^^ Conrre— The patient was well for one year, then presented a 
forme 1*^ mass that was moderately tender Laparotomy was again per 

at which time a dense fist size mass of recurrent carcinoma was present 
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over the head of the pancreas In the attempt to resect this the portal vein was 
opened and its ligation was necessary The opcrauon was rapidly terminated by 
closure of the abdominal wound in layers The patienr was renimed to her room 
and succumbed in shock three hours later 

Lower Duodenum 


poraon 

space" 


Opfrarton —Excision of the growth was carried out as follows (Fig 
103 ) 

1 A high midline incision was employed A double fist size rounded 
tumor mass was found involving the posterior wall and convex border 
of the third segment of duodenum extending backward behind the 



Fig 102 (Case III) -Roentgenogram of D second and T third poruons of 
duodenum C' Large ulceration due to spmdhe ceiV sanroriM o/ wall ol cbicd pozaca 
of duodenum E Barium that entered necrotic center of tumor ulcerating at V 

uncinate process and low er portion of the head of the pancreas into 
the retroperitoneal space It also bulged to the right into the root of 
the upper portion of the mesentery of the jejunum almost completely 
surrounding the superior mesentenc vessels 

2 The ligament of Treitz was transected to mobilize the duodeno- 
jejunal junction The right half of the transverse mesocolon was tran 
sected and the mesocolon reflected downward The posterior panetal 
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peritoneum along the con\c\ curxaturc of tlic duodenum incised 
to mobilize the duodenum and head of the pancreas 

3 The inferior border of the tumor was dissected upward This 
elevated the lower duodenum and head of the pancreas The superior 
mesenteric arterj and vein were dissected out of that part of the 
tumor that partiall> surrounded them 

4 The jejunum was transected about 3 cm bevond the ligament of 
Treitz and the distal end mvagmated b\ two concentric purse>string 
sutures A small Pa>r clamp was then passed horizontally from left to 
right across the duodenum about I cm below the midpoint of the 
second segment and across the head of the pancreas at the junction 



Fig lOJ (Case 111) —A, Findings at operauon T, Large spindle cell sarcoma 
arising from third portion of duodenum svith ulceration at one point (C/) SM, 
Superior mesenteric vessels partiall> surrounded b) neoplasm The latter also ex 
tended posteriorly and superiorl> behind head and body of pancreas M, Metastatic 
bmph nodes along greater curvature of duodenum 

S, TcfTiuftacfon of operation Df, Duodenojejunostomy iV, transected Jo«xr 
portion of head of pancreas 


of the upper and lower hah es and closed The inferior pancreatoduo- 
denal vessels were isolated and transected near the superior mesenteric 
trunks Before the crushing clamp was closed the superior mesenteric 
vein was retracted to the right to avoid injury The head of the pan- 
creas was transected below the crushing clamp This permitted greater 
access to the superior surfaces of the tumor and the latter was then 
issected out of its bed and remov ed after dissection with it of several 
en ar^d lymph nodes along the greater curvature of the duodenum 
Ihe crushing clamp was then removed and the opened inside of 
r ^^gnient of duodenum inspected The papilla of Vater was 

ca ily identified about 1 cm above the level of duodenal transection 
e mam pancreatic duct was probed backward through the ampulla 
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of Varer and found to be uninsured The crushed margin of pancreatic 
tissue was sewed over with interrupted silk sutures 

6 The upper closed jejuna! segment was brought to the left and 
duodenojejunostomv' performed, end to side with two rows of silk 
sutures Small ‘bites” were wken along the posterior rows to a\nid 
if possible, inclusion of the papilla of X'ater 

7 The abdomen was closed with two hrge soft rubber drains to 
the Site of transection of pancreatic tissue 

Pathologic Study —The tumor imss measured 11 by 7 by 3 5 cm Adherent to 
the inferior surface was a segment of duodenum 12 cm m length, a segment of 
jejunum 3 cm in length and segment of head of pancreas 5 by 3 by 3 cm On rhe 
posterior wall of the opened duodenum was an elongated ulceration 3 J by 2 cm 
with ragged raised edges Hemorrhagic material exuded from the ulceration and 
probing revealed a deep sinus leading into the center of the tumor mass which 
was Itself necrotic This fisrulaiion of the tumor mass into the duodenum appears 
to be characteristic of sarcomas of this segment of bowel Histologic section re 
sealed the tumor to be a large spindle cell sarcoma Sections of several lymph 
nodes revealed metastatic sarcoma 

Subsequent Course —The joaricnt is alive and well three years after operation 

EXCISION OF THE ENTIRE DUODENUM PANCREATODUODENECTOMY 

Extensive malignant neoplasms of the duodenum require complete 
excision of the duodenum This can be accomplished onlv by con- 
comitant resection of the bead of the pancreas and therefore its ex 
cision must also be earned out Pancreatoduodenectomy was ongmallv 
devised for resection of the carcinomas of the head of the pancreas 
however, large duodenal neoplasms will usually involve the head of the 
pancreas and therefore this operation is also indicated for such growths 

CvsEs IV’ SNo V —Two patients (G A! and C T ) were subjected to pan 
creatoduodenectomy The foimcr had a round cell sarcoma or lymphosarcoma 
involving the duodenum from the upper curvature to near its termination {Fig 
104), and the latter had a carcinoma of the thud segment of duodenum invading 
the adjacent lower portion of the head of the pancreas and its uncinate process 
(Fig 105) "Hie former patient, who was m a very poor nutritional state died on 
the seventh postoperative dav and the latter Lved three months following 
non, but succumbed from a deep abdonunal abscess that developed after he recumed 
home 

Operation —The details of pancreatoduodenectomy are as folTows 
(Fig 106) 

1 A high midline or reverse L incision is employed 

2 The duodenum and head of the pancreas are mobilized by inci 
Sion of the posterior parietal peritoneum along the greater curvature 
of the duodenum 

’ ’ the p> lonis and 
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Fig 104 (Case IV) — Rocntgcnognm showing, P, pylorus, B, duodenal bulb, 
DD, deformed and semirigid second and thini portionv of duodenum whose walls 
arc infiltrated b> lymphosarcoma 



S sVf^> (Case V) —Roentgenogram of entire duodenum B, Duodenal bulb, 
1 ” ponion of duodenum, UT, ulcerating circmoina of third segment of 
duodenum. D, terminal segment of duodenum 
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4 The neck of the pancreas is carefully elevated from the anrenor 
surface of the superior mesenteric vein and transected 

5 The ]e}unum is transected just distal to the ligament of Treicz 
after its severance, followed b> invagination of the distal jejunal seg- 
ment 

6 The terminal portion of the duodenum is retracted to the left 
from beneath the superior mesenteric vessels 

7 The head of the pancreas and the duodenum are removed 

8 A posterior Billroth 11 gastrojejunostomy is done 

9 The first long loop of jejunum is elevated for anastomosis with 
biliary tract (see below ) 

10 After the above anastomosis, enterocnccrostomy is earned out 
between afferent and efferent loops of jejunum going to bile tract 



l-jg 106 (Cave V) — T, Carcinoma of third segment of duodenum with invauon 
of head of pancreas and uncinate process T, PapiUa of Vatcr O 0,0" O" 
of transection for excision of ncopHsm and its extension one-stage pancreaio- 
duodenectomy 

anastomosis This is performed below the transverse mesocolon 
the loop of jejunum was brought through a hiatus m this mesentery 
otherwise it is performed about 15 cm below the above mentioned 
bile tract'jejunal anastomosis The abdomen is closed in layers, with 
soft rubber drains to the site of the head of the pancreas 

Management of the Transected Necfc of the Pancreas (Fig 107) — PfC* 
V lously in patients w ith carcinoma of the ampulla of Vater and head 
of the pancreas I hav c simply ligated the transected neck with inter 
locking mattress sutures of silk The pancreatic duct w as ligated sepa 
rateJy. Pancreatic fistulas were expected and accepted and persistw 
for several w eeks to months To obviate this, burial of the stump mm 
the afferent loop of jejunum brought up for bile tract anastomosis ha*' 
been carried our ns follows The stump of the pancreas is treated ss 
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descnbed An incision is then made through the serosi of the jejunal 
wall and the muscular fibers separated shghtU The posterior edge of 
the slit IS sutured b) interrupted sutures to the posterior margin of the 
transected neck of the pancreas A small stab wound (2 mm in length) 
IS made through the jejunal wall into the lumen and the ligated pan 
creatic duct is sewed into this with one suture The anterior margin 



Fig 107 (Cas« \ ) —(/I) Showing rcconsntuiion of upper alimentar> tract after 
one stage pancreatoduodencctom> C/, Choledochoje)unostom> , G/, cholecysto 
lejunostomy GE, gastroje]unostom> (Dillroih U> P, implantation of transected 
neck of pancreas into jejunum EE, jejujejunostom> (B) Showing method of im 
p anung common duct, CD, into jejunum through stab wound J (B ) Serosal 
s tches fold jejunal wall over implantation site 


o the pancreatic stump is then sutured to the anterior margin of the 
serosal sht m the jejunal wall This procedure was earned out in n\o 
patients In one (not reported m this series) the wound healed with- 
fistula In the other (Case a fistula developed 
th P^^^^nts do fairly well with pancreatic juice occluded from 
e ^owel Those presenting steatorrhea are given pancreatin bv 
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Bile Tract Je)unal Anastomosis (Fig 107) —Ligation of the comroon 
bile duct and cholec\ stogastrostom) or cholecystojejunostomj are at 
tended with the danger of reopening of this duct with resulting fatal 
bile peritonitis Because of this, cho!cdocho|C)unostom> has been ad 
\ocated m recent scars m connection with pancreatoduodenectonn 
Where, in the absence of obstruction to the common bile duct, the 
latter is not enlarged choledochojcjunostomy would result in a small 
duct being implanted into the lepinum with possibly subsequent sten 
osis at the anastomosis Under these conditions I have implanted the 
normal bile duct into the jejunum and se\ eral centimeters distall) per 
formed cholecystojcjunostomy The method of implanting the com 
mon duct consisted of the insertion of silk sutures through the trans- 
ected edges at opposite points the making of a stab wound into the 
jejunal lumen passing the two ends of the threads m the bile duct 
through the jejunal wall at points above and below the stab wound 
tying them in order to hold the bile duct tautly m the jejunum bun 
tng each knot bv a serosal stitch and then inserting three or four sero- 
sal sutures to tighten the serosa about the common duct passm? 
through the jejunal wall In addition cholecystojcjunostomv is per 
formed with the same jejunal loop brought up for choledochojejunos 
tomy Thus tv\o pathwavs arc afforded for dninage of bile into th« 
bow el 


SUMJIARY OF RESULTS OF SURGICAL TREATMENT IS FIV'E CVSFS OF 
MALIGNANT TUMORS OF TltE DUODENTIil 


Patient 1 Tumor 


Case 1 I Carcinoma 
I segment 


second 


Case II 


Carcinoma first seg 
menl 


Case III 


Operation 


Local resection o( tumor and du 
odenal wall nith adjacent pan 
creatic tissue 

Reimplantation of common bile 
and pancreatic ducts 
Resection of upper third of duo | 
denum pviorus and upper third I 
I of head of pancreas I 


Well 7 yrs 10 mos 


W ell 1 yr 

Died after second 
lap performed for 
recurrences 
\V ell 3 yrs 


Case IV 


CaseV 


Round cell sarcoma 
involving most of 
duodenum 
Carcinoma third 
segment 


tomy 

Pancreatoduodenectomy 

Pancreatoduodenectomy 


Died 7th day p«l 
operative 

Lived 3 mos 
Died of deep abdom 
inal abscess wr 
developed after os- 
charge from hos- 
pital 
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COMMENT 

Opentions such is described ibo\c should, wlien possible, be cir 
ricd out under continuous spiml inestliesii At the onset of the open 
non, blood tnnsfusion is stirted ind continued is neccssirs to nnin 
tain 1 ssstolic blood pressure of it Icist 100 mm of nicrcurs 

The results of opcntisc treitnicnt in the fi\e ciscs under discus 
Sion ire summinzed m the table 

General conclusions ire not \ct possildc in regard to the surgers 
of primirj miligmnt neophsms of the duodenum Pincreitoduodencc 
tonu IS the most ridicil procedure, but good results ha\ e been ichic\ ed 
uith more conser\iti\e procedures As m ins surgical attick upon 
neoplasms each patient presents indniduil problems which must be 
eaahiated if the surgeon is to tirr\ out the best operation for that 
patient 



PRIMARY RESECTIONS OF THE COLON WITH 
SPECIAL REFERENCE TO SURGICAL 
DIAGNOSIS AND MANAGEMENT 

K.ARL A MfYFR, M D • AND Dovald D Kozoll, M D t 

The decision as to the type of operation which can be performed 
on a patient with a surgical lesion of the colon and when it can be 
done, can usually be determined prcoperatively by a consideration of 
the following questions 

I. Where is the site of the lesion’ 

2 What IS the nature of the lesion’ 

3 Is an obstruction present’ 

4 Is a protein de6ciency present’ 

5 Is an anemia present’ 

6 Are there any complicating diseases’ 

7 How experienced a bowel surgeon is the operator’ 

1 SITE OF lESlON 

The localization of a lesion of the colon should commence m * 
logical sequence, starting at the anal end and working backward Too 
often lesions are oicrlookcd bv depending upon roentgen exaimm 
tions to identify lesions m the pelvic colon, an area which roentgen- 
ologists describe as being difficult for \ ray identification Another 
example of ill planned diagnostic procedures is the administration of 
oral barium before an obstructing lesion of the colon has been ruled 
out by barium enema, thereby precipitating a complete obstruction 
or producing a barium impaction with the necessity for a decom 
pression operation The order of events m the examination of the colon 
should be as follows 

1 Digital rectal exainiruitian including tuginaf examination m the female A 

large majority of the lesions of the rectosigmoid are within reach of the 
index finger A lesion wnhm reach of the examining finger usually k 
quires an abdominoperineal resection which will not be included in this 
discussion 

2 Yroctoscopic exammation sliould be performed next Lesions within reach of 

the proctoscope arc least apt to be visualiied by x ray examination seitft 
the exception of an obsimcung lesion 

From the Departments of Surgery of the Cook County Hospital, Nonhweswro 
Umiemry Medical School and Crak County Graduate School and from the 
Hektoen Institute for Medical Research of the Cook County Hospital Chicago 

•Associate Professor of Surgery, Nonhsvestern Umversity Medical Srfiool 
Attending Surgeon, Cook County and Grant Hospitals 

t Abbott Fellow, Department of Surgery, Northwestern Universir> Medical 
School, Associate Attending Surgeon, Cook County Hospital 
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3 Biopsy of a lesion should be procured whenever possible, before undemlxing 

a radical resection which necessitates a permanent colostomy B> this 
means an occasional error of mistaking an inflammator> or benign lesion 
for a mahgnanc> can be presented 

4 Bantoji enema should be nc\t and can u5uaU> follow immcdiatcl> after the 

proctoscopic examination l>ccausc the colon will ha\c been well cleansed 

5 Air contrast study following e\icuation of the banum enema is the onl> 

method of identifying polyps abose the sigmoid this need only be done 
if all preceding measures base failed to rcsoal a lesion or if one wishes to 
rule out multiple polypi 

6 Bariimi tiieal studies should lie the last item of the studs and should not be 

attempted if there are any symptoms suggesting c\cn a partial obstruction 
Examples of patients requmng preliminary colostomy for a lesion which 
might otherwise be resected with a primary anastomosis because of the 
administration of banum by mouth, arc still frequent 



Fig 108— Specimen remosed in Case I which includes terminal 12 inches of 
> eum and all of the colon down to the middle third of the transvene colon This 
F^P'Bary type of carcinoma encircled the circumference of the cecum and en 
croached upon the ileocecal sphincter producing intermittent symptoms of ob 
struction Note the gelatinous appearance of the lymph nodes which histolopcally 
vas a metastatic colloid carcinoma 

Having identified the site of the lesion by the above procedures 
3s outlined, the decision of the type of operation to plan and the pa- 
tients chances of surviving that operation can be influenced by a 
considei^tion of certain peculianties inherent in the location of the 
Sion These clinical observations have been described by Rankin, 
t^argen and Buie 

t:an be divided into tvvo portions, right and left, from 
anatomical, physiological, pathological and surgical 
^se lUndamental differences can be best illustrated by specific cases 
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Lesions of Right Half of Colon 

Casf I— Patient uas a 66 year old white man who complained of a diarrhea 
for MX months consisting of mx to seven stools j>er da> w ith passage of blood on 
rare occasions During the sai)>e period he noted right lower quadrant pain which 
was frequently intennittent cramptike, and associated with tenderness and dis 
tention in that area hor three months prior to admission he was aware of a mis 
m the right lower quadrant the size of his fist which seemed larger and more 
tender during the episodes of cramphke pain Physical examination resealed a 
marked pallor a mass in the nght lower quadrant the size of a large orange which 



Fig 10^ Araata tiravmgs of the putbohag) in situ in Case 1 wth the com 
pleted operation shown in the insert An end to end ileotransverse colostomy "as 
earned out by a technic described elsewhere * 

was firm and moved with respiration and a positive benzidine test for occult 
blood was obtained Barium enema demonstrated a filling defect of the cecum 
The erythrocyte count on admission was 3 160 000, the hemoglobin was 49 p" 
cent (Sahli) and the leukocyte count 5800 The total serum proteins were 584 
gm , serum albumin 3 55 gm and nonprotein nitrogen 32 mg per 100 cc The 
patient was placed on 12 gm of succmylsulfathiazole per day ascorbic ac\c 
brewers’ yeast an oral protein digest diet and 2000 cc of whole aerated 
was given in preparation for opeiauon The erythrocyte count was 5 500 000 an 
hemoglobin 90 percent after this preparation 
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The pathological fimlinir? arc shown m Fipurcs 108 anj 109 ami tlic prmnrj 
'section with end to-end ilcocolostonij completed is shown m Figure 109 
Qsf II —This paticnr was a 67 >car old white woman who was admitted witli 
jniplaints of belching after meals if she ate too much, distress after meals, ano- 
xia, constipation, and cardiac conscitmsness Site had been taking 10 units of 
gular insulin excr> morning for the past sexcral scars, a panh>stcrcctom> had 
cen performed at the age of 42, and at the age of 65 she sustained a fractured 
ertebra from which she recoscred 



Fig 110— Artists drawings of the !3parotom> findings m Case II Note the c\- 
ension of the tumor to the greater cursamre of the stomach (a) and the de 
ormitj of the colon it has produced An end-to end ilcocolostomy w as earned 
lui in the same manner as Case I 

On entrance her blood pressure was 160/70, temperature 100* F, pulse 100 
Tie " eighed 88 pounds, and had a marked pallor of all mucous 

15x8 A- mass was present in the right upper quadrant, which measured 

iras free)} moxable and not tender On admission the er>throcyte count 

with hemoglobin was 23 per cent (Sahli), and leukocyte count 15,500 

unn * smear show mg 81 per cent pol>morphonuclear leukocytes The 

unon negame I ctes showed a posinxe reaction for occult blood and 

‘las d enenn a carcinoma of the proximal one third of the transserse colon 
emonstrated On admission the nonprotein nitrogen was 30 mg per 100 cc , 
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total protein !9 gm per 100 cc with 3 •! gm albumin and a globulin of 2 5 gn 
The patients secondary anemia was corrected preoperamely by the administn 
non of approMniitely 3100 cc of sshole citrated blood (Table 3) Sulfasvmduie 
in 3 gm doses four times a diy was given for one week preoperativeJj am} 
enemas were given the day before operation Levin tube suction was established 
Isefore operation 

Under nupercaine spinal anesthesia a nght paramedian incision was made and 
the lesion shown in Figure 110 was found The tumor had extended into the gis 
trocolic omentum in the vicinity of the prepyloric area of the stomach and to the 
mesentcr> of the colon itself Resection was undertaken and an end to end anas- 



tig 111 Banum enema study in Case Ilf showing large filling defect 
splenic flexure and a calcified fibroid in the pelvis Because of the size of the nil 
ing defect and the presence of nearby divcrticulas the roentgenologist believed 
this lesion to be more likcl} an acute diverticulitis than a carcinoma 

tomosis completed between the trraunal ileum and the distal transvene colon as 
shown in Figure 110 Interrupted catgut sutures were used as a first row and m 
terrupted silk sutures as a second row The wound was closed in layers using 
fine interrupted silk sutures in the peritoneum stainless steel in the fascia, and 
silk in the skin Sulfanilamide was placed about the anastomosis and m the per 

Tlie specimen measured 10 S by 13 S by 4 cm and consisted of a caul^o"" 
ulcerating carcinoma of the hepanc flexure of the colon which had invaded » 
layers of the bowel wall Histologicallj it conformed to the description of an in 
filtnting adenocarcinoma 
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The patient had an excellent posiopcramc course The maximal temperature 
during her entire contalesccncc \tas I0b6* F Slic was given sodium sulfathiazolc 
intrarenouslj during the first three da)"* she was on gastric suction with the 
Levin tube, thereafter sulfasuxidme was given During her first postoperative 
week the unne output was maintained above ICOO cc tlailj, which wc accept as 
the minimum The patient was given protein postopcrativcly in the form of in 
travenous amino acids and oral protein with the results indicated in Table 4 She 
vvas discharged on her fourteenth postoperative day 

Sinmnary —It will be noted that lesions of the right half of the colon 
are characteristicall) large in size, fungating, and metastasize rather 
late despite their size Because the fecal stream is liquid, obstructive 
symptoms are exceptional Sev ere secondary anemia is common Re- 
section with a primary ilcocolosromv is the surgical procedure of 
choice 

Usions of Left Half of Colon 

Case III— Patient was a <53 jear old woman who knew she had a calcified 
uterine fibroid for thirteen jears to which her s)Tnptoms of backache, anemia 
and weakness were attriliutcd She had planned to have a h>stcrcctomy per 



TOe when she suddenly experienced an attack of abdominal pain of cramping 
acter, distention but no vomiting This persisted for one week and was re 
•m Before proceeding with the pelvic operation a banum 

th^ done and the lesion showm in Figure 111 was identified Because 

icist diverucula and the size of the filling defect, the roentgen 

Th diagnosis of an acute diveractilitis rather than carcinoma 

e red blood count was 3 380000 hemoglobin 64 per cent, and white blood 
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c<iunt 12,000 The urmc was negame The total protein was 5^5 gm and al 
Iniiiiin J S3 gm per 100 cc 

On admission to tlic hospital the patient was given a senes of cleansing enemas 
and cathartics after which she was placed upon 3 gm of sulfasusidme every femt 
lunirv for siv dajv In the courw. of preparatinn for operation she was given 
' 1 )rt<id and ’ftOO ct of aniigcn after vvhith her heniogininn n^c 

■ - -,) 


tulic and a rcciai luuv. I , • 

tive daj and three times a di> thcrealier luc » , i 

tore was 100 6* T Another transfusion of lOOO cc of blood was given posiujvia 
tiv el\ Tile patient \\ as discharged on the fifteenth postoperanv c day 




?ms 



Fig ilj —Photograph of unopened specimen removed from Case IV to show the 
napkin nog constnction chatactcnstic of lesions of the left half of the colon 


Ttic tumor of the bowel was an ulcer mng infiltrating adenocarcinoma which 
measured 9 cm m length had encircled die entire lumen of the splenic flesure 
* ' Je metis 

■ s case be 

\g Bfoorf 

pressure was 200/130 temperature W* F, pulse BO A pelvic mass \vas palpated 
on bimanual examination hut tijis was thought to be a uterine fibroid extrinsic to 
the rccnim A barium enema and fiat plate revealed an obstructing lesion of the 
rectosigmoid Rtcaust of failure to procure relief from enemas and increasing o 
lention an immediate transverse colostomy was performed 

w as studied funher aftCT relief from obstruction Her roul serur" 
, ~ t nnnnmttm nitrogen 27 mg per 100 cc 

'•m pCf 100 CC 

She , protein d>« 

several bWd transfusions aiiv. - i 

mosis of the sigmoid colon w as done by a technic Oevt i low e ^ Her pw 
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({crartic course «as utjctciirful iiul Hie tnmierse colosfoni} is ro be closed as 
a third sni.c procedure The lesion is shown m Ii(.iircs III and 114 

Sunninr) —I csions of the left half of the Lolon are stcnosing, iilcer- 
atin" and infiltrating lesions which produce ssniptoins of bleeding 
obstruction and altered bowel habit carls The procedure we fa\or 



for this segment js a prinnrs resection and end to end anastomosis 
'Mthout a colostoms, m the absence of obstruction 


2 NATURE OF THE LESION 

Although the majorits of the lesions of the colon are malignant and 
equtre radical resection, it is important to recogni/e benign lesions 
tra*^'' h occur and modifj their treatment accordingly To illiis 
old^ [ , ’^Port^nce of this possibilitT wc present a case of a 6 year 
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Case V -The patient was a 6 year old girl of Mexican descent, who entered 
the hospital on February 6, 1945, complaining of vomiting for one day and a right 
lower quadrant pam for two da}S TTierc were no previous episodes, diarrhea or 
fever On February 9, 1945 the child vras operated upon through a McBumey in 
cision as an interval appendix case The terminal 2 inches of the cecum were 
found to be thickened, infiamcd, almost carulagmoiis in consistency with an 
edematous serosa that was studded with many punctate areas of hemorrhage The 
mesenteric lymph nodes were very much enlarged one of these was removed for 
biopsy and nothing more was done On histological section the lymph node 
showed a nonspecific hyperplasia 



1 ig 115— Barium enema stud) of Case V showing the mirkcd contraction 
and filling deformity of the entire ascending colon which the roentgenologic' 
recognized as a hyperplastic tuberculosis 


oniiiienueu > 


for a possible tubcrtulous focus anl 

legative Barium enenus on Februan 

narked narrowing and contraction of 

genologuc to a hyperplastic tubcKU 
enema given on June i2 1945 (*'P 
the cecum and exploration was rec 
„f tuberculous of the cecum or a re 


gional enteritis , u u ,, an 

The child was gi'cn 2 gm of succin> Isulfathiazole four times a aa> botn as* 
outpatient and for three da>-s preoperauvriy Because of a normal blood coun 
and good nutritional appearance she was given no preparation other than 
cratenous sodium sulfathiazole and enemas the day before surger>, a Levin ni 
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lig 116— Photograph of the surgical specimen which includes terminal ileum 
shrunken ascending colon and proximal one third of tlie transsersc colon Mucosa 
IS studded bj man> areas of hemorrhagic ulceration the mucosa is cveryAvhere 
edematous and thickened and the submucosa was indurated Marked regional 
bTnphadcnopathj was found Histological sections reicalcd an ulceratise tuber 
culosis of the ascending colon 
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was inserted before operation She was operated upon on July 19, 1945 under ether 
anesthesia, a hemicolectomy wth ilcocolostomy being done (Figs 116 and 117) 
The specimen consisting of the terminal 6 inches of ileum with the right half of 
the colon down to the middle third of the transvcne colon is shown m Figure 
116 Histological sections showed an ulceratire tuberculosis of the ascending colon. 

Poscoperatively the child had an uneventful course The Levin tube sucuon 
was continued for three days She was given 500 cc of blood the day of the op 
eration but none thereafter She was given 3 gm of sodium sulfathiazole in 500 
cc of saline solution for the first three postoperative days but as soon as the 
Levin suction was discontinued she was placed back on succinylsulfathiazole on 
the same dosage taken before operation The pauent was discharged on her 
twelfth postoperative day Her 103x11031 temperature during the entire postopera 
tive period was 100 6* F 

In a previous paper* we reported two instances of primary resec- 
tion of the sigmoid colon for a lipoim and a stercorous ulcer due to 
fecal impaction, fortunately these patients had a primary anastomosis 
performed without colostomy, for it would have been tragic to have 
left these patients with a permanent colostomy In the identification 
of polyps of the sigmoid, a biopsy to rule out the malignant tendencies 
of these lesions is important before fulguration as the means of treat 
ment is accepted 

3 OBSTRUCTING^ LESIONS 

The presence of obstruction in lesions of the colon is a decisive fac- 
tor in the treatment, management, mortality and morbidity Wangen 
Steen® and others have clearly described the dangers m the depiction 
of colonic obstruction as a “closed-loop” obstruction between the ileo 
cecal sphincter and the obstructing lesion Because this loop cannot 
empty itself retrogradel) , the increase m intraluminal pressure rises 
progressively to a point where perforation is an actual complication 
In contrast, an obstructing lesion of the small bowel rarelv causes per 
foration In addition, the marked distention permits transudation of 
infected content and organisms through the colonic wall which k 
capable of producing a severe peritonitis The pooling of v enous blood 
and plasma like fluid in this long loop of obstructed gut is sufficient 
to explain the hemoconcentration which leads to shock and extrarenal 
azotemia Clinical experience has further shown us that an obstructing 
lesion of the colon usually grows progressively more complers 
whereas a small bowel obstruction more frequently relents and will 
either spontaneously or in response to conservative measures release 
itself The reason for this is probably that most obstructing lesions of 
the large bowel are carcinomatous in origin and such lesions usually 
cause progressively more stenosis, whereas, small bowel obstructions 
are frequently caused by a strangulated hernia, adhesive bands, o'' 
paralytic m origin, and quite often decompress spontaneously The 
need, therefore, m obstructing lesions of the colon is for immediate 
decompression 
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The recognition of in obstruction of tlic colon can be made from 
the historj and ph>sical examination, results xMth enemas, flat plate 
of the abdomen, and a barium enema A histor> of progressive disten 
non, obstipation, intermittent pain, xvitli or without vomiting m an 
aged individual usuallv makes the diagnosis quite obvious Physical 
examination will usuallv add the feamres of a diffuse abdominal dis 
tention which is tense, usuallv nontendcr, and capable of loud bor- 
bor)gmi until the bowel becomes atonic Digital rectal examination is 
not conclusive, for most lesions within reach of the examining finger 
do not obstnict The administration of measured quantities of enemas 



Fig 118 —Appearance of wound one monih after transverse colostomy for an 
obstrucuny }cs!on of the sigmoid colon TX’ofe ffte clan well haled wound and 
a sence of any excoriation Stools arc formed and it is usually unnecessary to 
lydc the segments of colon to divcit.the fecal stream Closure of this type of 
CO ostomy is simple and is enhanced by preparation with succinylsulfathiazole 

vvill yield helpful information if the returns arc measured and their 
character noted The patient will usually retain amounts of enemas 
in proportion to the distance between the anal sphincter and the ob 
structmg lesion Wangensteen recommends the use of the enema in 
conjunction with the x-ray, but we have often felt that the enema 
Itself IS capable of introducing air into the colon Films of the abdo- 
supine and erect positions will demonstrate 
g° h^rl'f distention and fluid levels which can usually be distm 
t 11 d small bowel distention A barium enema carefully con- 

ro ed With fluoroscopy will almost alv^ys demonstrate the obstruct- 
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mg Site, but the procedure must be earned out with judgment, and 
the barium should be thinned out to permit easy expulsion 
Decompression of obstructing lesions of the colon can be obtained 
only by coIostom> This should be performed as quickly, simply and 
with as little exploration as is possible Most of these patients will be 
well advanced in years, arc m very poor condition, and the time that 
would be required to appreciably improve their condition is fraught 
ith the danger of complications Attempts at exploration of the cause 



Fig 119— X ray flat plate of the abdomen to demonstrate the inability of the 
Mdler-Abbott ttlbe to decompress obstnicnng lesions of the colon This 76 year 
old male entered with an incomplete obstnicuon of the sigmoid but obstruction 
progressed despite introducuon of the robe into the cecum (arrow) A transverse 
colostomy performed the same day under local anesthesia successfully rebeved fus 
obstruction, after which primary resection of his lesion and anastomosis were done 
The colostomy was subsequently closed 

of obstruction are ill-planned, for they add to the postoperative mor- 
tality These patients tolerate inhalant anesthetics poorly, therefore 
whenever possible local anesthesia should be chosen because of the 
reduced risk 

Transverse colostomy has been the colostomy of choice on our sur- 
gical service because of the simplicit> and safety with which it can 
be performed by the resident surgical staff The advantages are many 
The mesentery of the transverse colon is far longer than that of the 
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ascending colon and exteriorization is therefore facilitated The dis- 
tention of the cecum and ascending colon is usually the most marked 
of all the portions of the colon» which makes tiie danger of tearing 
into its \ery thin bowel wall greater here than in the transaerse colon 
Because the mijorit) of obstructing lesions of the colon origimtc in 
the left half of the colon, the tnnserxe colostomy is just as effective 
in decompression proximal to the lesion as is a cccostomv It is much 
easier to produce a constipated stool b\ diet xvith a transverse colos- 
tom) than with a cccostom), which grcatl> improves the postopera 
tive condition of the wound and the patient (Fig US) In our expen 
ence cecostomics were more frcquentlv associated with stricture of 
the stoma than transverse colostomies 
With the advent of the Miller Abbott tubCy some speculation has 
ansen over the possibtlit) that this might be a means of relieving the 
obstruction Subsequent experience and a knowledge of the physiologv 
of colomc obstruction have refuted this effort Not onl> will valuable 
time be lost in the intensive efforts that are ncccssar> to introduce this 
tube past the duodenum and advance it down the small bowel, but it 
will be opposed in passage b> the ileocecal valve which is held firmlv 
closed by the much greater intracolonic tension (Pig 119) Accord 
ingly, we instruct our resident staff that such tube decompression has 
no place m the treatment of the large bowel obstruction However, 
we do use an intragastnc tube (Levin) to prevent the swallowing of 
more aur and an increase m distention, but wc do not delude ourselves 
in thinking that any tube is capable of decompressing the obstructed 
colon 

It IS universally agreed that no resection should be attempted m the 
presence of acute obstruction However, a pnmarv resection and anas 
tomosis can be safely performed from two to three weeks after the 
preliminary colostomy 

4 PROTEIN DEFICIENCY 

In an earlier study^ we reported an incidence of protein deficienc> 
m patients with malignant lesions of the colon of approximately 30 
per cent, which exceeds the over all incidence for a large group of 
surgical lesions of 23 per cent Rhoads and his associates'" noted a 
Similar high incidence in this disease which after operation rose as 
*wgh as 86 per cent The explanation is not obvious because most of 
t ese patients are quite capable of eating, do not have protein deficient 
lets, and the lesion mvolv es a segment of the gastrointestinal tract not 
primarily concerned in protein digestion and absorption However, we 
ave obsened that patients with a severe diarrhea or melena lose as 
jRuch as 20 gm of nitrogen m the stool in a period of twenty four 
represents a loss of 125 gm of protein 
A large amount of literature has been developed concerning the 
igmficance of this protein depletion and a patient undergoing resec- 
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tion of the colon is just as apt to suffer as any other surgical patient 
with hypoproteinemia To mention a few possible complications of 
contemplated surgery without correction of this deficiency one can 
anticipate nutritional edema, poor gastrointestinal motility progress 
mg to the point of adynamic ileus, wound infection, wound eviscera 
tion, impaired wound healing, decubitus ulcers, loss of weight, ano 
rexia, asthenia, pulmonary edema, and infections In fact, in eighteen 
of thirty four deaths on our surgical service a protein deficiency was 
present either before or after operation 

Recogmtion of this protein deficiency is not possible bv laboratorj 
methods alone For although a total serum protein of less than 6 5 gm 
per 100 cc and of a serum albumin of less than 4 0 gm per 100 cc 
IS defimtely indicative of a protein deficiencj, many of these patients 
will not show It because of coexisting dehydration or infection, both 
of which tend to falsely elevate circulating proteins Accordingly, 
these protein values should be re checked during the course of hy 
drating the patient and the hematocrit reading should be determined 
simultaneously as an index of the plasma volume In clinical practice 
It IS far better to assunje that any patient who has lost weight as a 
result of a colon lesion, has had diarrhea, or melena, has a protein 
deficiency which should be rectified in the course of treatment 

Management.— There are several means of dealing with the protein 
deficiency state, depending upon the particular needs and condition 
of the patient oral protein feedings, parenteral ammo acids, plasma 
infusions, and blood transfusions Each of these methods has its advan 
tages and disadvantages 

Oral Protein Feedings —Tht correction of a protein deficiency by 
oral route presupposes that the patient is capable of ingesting rather 
large quantities of food by mouth The minimal quantity of oral pro 
tern that will repair preexisting losses is m the neighborhood of 100 
gm per day, and the more the patient can ingest the more rapid will 
be his gam To provide an oral intake of 100 gm of protein per dav 
in the average diet is an ambitious program because it requires con 
siderable bulk For example, a quart of milk contains only gm of 
protein, and ^ pound of steak yields approximateh 25 gm of pro 
tein Until lately the administration of significant quantities of imm" 
acids was a difficult undertaking because of its objectionable taste, but 
recently a palatable oral protein digest was made available to us for 
study Table 1 represents efforts at preparing patients with lesions of 
the colon for surgery employing this oral protein as the exclusive 
source of nitrogen In another report, m which these cases will be 
included, examples of administration of as much as 300 gm of a pro- 
tein digest per day by mouth will be reported The advantages of this 
method are that the patient can ingest larger amounts of nitrogen b\ 
mouth than it would be possible to iniect b\ v ein, because the rate of 
excretion for oral administration is less than with intravenous injection 
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TABLE 1 — \TTEiIPTS AT CORRECTION OF A PROTEIN DEriCILNCV IN A PATIENT 
\\ITn A TRANSVERSE COLOSTOJIY FOR AN OBSTRUCTING LESION OF THE 
SIGMOID COLON VMIiai SUDSEQUENTLN PROVED INOPERABLE* 


Oral 

Proteinf 

I er Day. 
Gm 

No of 
Da>s 

Plasma 

Volume, 

Cc ! 

Total 
Protein, 
Gm per ' 
100 Cc ' 

Total 

Circulating 

Protein, 

Gm 

1 

Albumin, 
Gm per i 
100 U ; 

Ilemato- 

ent, 

Per Cent 

60 

3 

2857 

5 31 

151 

3 SO 

46 

90 

5 

27M 

5 60 

155 

3 51 

4S 

155 

4 






220 

4 

3175 

5 S4 

176 

3 35 

42 


Note that on doses of 60 to 90 gm of protein rcHti\el> 'light impro\cment has oc 
curred although nitrogen balance (which will constitute a separate report) was attained 

in the total 


TABLE 2— PROTEIN DEFICIENCV OCCURRING POSTOPERATIVELy FOLLOWING 
an ABDOMINOPERINEVL RESfCTION IV A SIXTY-FOUR YEAR OLD VVIIITF 
ilVN* 


Date 

Intravenous 
Ammo Aads.t 
Gm 

ToUl 

Serum 

Protein, 

Gm per 

100 Cc 

Serum 

Albumin 

Gm per ! 

100 U 

Hematocrit, 

Per Cent 

6/26 

90 

0 86 

3 09 1 

30 

6/27 

90 

6 01 

3 11 

32 

6/28 

1 90 

6 19 

3 IS 

33 

6/29 

90 

6 53 

3 37 

30 

6/30 

90 

6 35 

3 30 

; 30 


1 90 



i 

7/3 

90 

6 54 

3 38 

1 28 

7/5 

90 

6 39 

3 42 

25 

7/6 

90 

1 6 01 

3 53 

28 


* Patient NtH ^ r> 


sei 

cli 

wi 


ere IS more retention of nitrogen The necessity for preparing pyro- 
|en'free protein for mtra\ enous use is eliminated, and the cost of this 
orm of protein therapy should be much less than with parenteral 
eeding programs We have employed intragastric feedings of amino 
cids using a Levin tube, hut on none of the patients included in this 
report 
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Parenteral Avnno Acids —Since Elman® demonstrated the possibility 
of admimstering ammo acid digests for parenteral protein nutrition, 
this method has gamed popularity both to supplement that w hich can 
be taken by mouth and to supplant oral feeding, when the latter is 
unfeasible as it frequently is during surgery Table 2 is an an example 
of a patient developing a protein deficiency after an abdominoperineal 
resection This was corrected by a preparation of intravenous aminn 
acids which we have previously reported^ as capable of producing 
positive nitrogen balance The disadvantages of an exclusively intra 
venous regimen of protein nutrition are that it is difficult to insure 
an adequate caloric intake to protect the ammo acids from breakdown 
to a carbohydrate, that the amount of ammo acids which can be given 
intravenously is hrmted (less than the oral route), this route of ad 
ministration is frequently handicapped by inadequate veins, minimal 
side reactions such as local thrombosis of veins, nausea and emesis 
which occur often enough to be of some concern, and the cost of 
intravenous ammo acids to the private patient is still prohibitive if it is 
required in large amounts for prolonged intervals Notwithstanding 
all these objections, the availability of this route of protein admims 
tration when other routes are impracticable can often be life-saving 
Plasrm Infusions —The use of plasma as a source of procem nutn 
tion has been long recommended, but subsequent experiences have in 
dicated that it, too, has its shortcomings To elevate the circulating 
plasma proteins I gram per 100 cc would require an estimated 2000 cc 
of plasma Mulholland and his co-workers* ventured the opinion that 
to achieve nitrogen balance with plasma m a seriously lU patient, would 
require the plasma of 26 pints of blood donated each day With dried 
plasma costing a private patient $35 00 for 250 cc , the reliance upon 
plasma to achieve correct protein levels would be prohibitive m most 
cases In our own experience, wc have found plasma to be quite in 
effective in elevating plasma protein levels * 

Whole Blood Transfusions have found the use of whole blood 
transfusions, especially in conjunction with ammo acids, to be the most 
effective and rapid means of improving the circulating proteins 
(Tables 3 and 4) It is to be rememWred that m the administration of 
a pint of blood one not only gives 18 gm of plasma protein that is 
customarily given m the plasma infusion, but in addition 75 gm of 
hemoglobin Whipple and his co workers® have demonstrated that 
hypoprotememic dogs were capable of synthesizing plasma protein 
from hemoglobin In our earlier work* we have shown that not until 
one gives 2000 cc or more of blood does he produce consistent im 
provement in the protein concentration or hematocrit reading Ac 
cordmgly, we have taught our staff that each of our adult patients 
coming to operation should arbitrarily have received a minimum of 
2000 cc of whole blood, unless they have been prepared by some 
other special means such as oral or intravenous ammo acids It is not 



PRIMARY RESECnoV 0^ THE COLOV 


193 


unusual for us to administer as much as 10,000 cc of whole blood in 
the course of an illness such as ulcerative colitis requiring total colcc- 
tom\. 


TABLE 3 — INFLUENCE OF BLOOD TRANSFUSIONS IN THE CORRECTION Or A 
SEVXRE SECONDARY ANEMLV OF A PATIENT WTHT A CVRCINOMV OF TIFE 
hepatic FLEXURE OF TirE COLON* 


Date 

Amount of 

W’holc Blood, 

Cc 

1 

! Red Blood Cells 

Hemoglobin Per Cent 

7/6 

7/18 
7/19 
7/20 1 

7/21 1 

SOO 

500 

500 

100 (reaction) 

I 770000 

1 

23 

7/23 1 

7/26 

7/27 

1000 

500 

3,550 000 

58 

7/28 


4,110000 j 

78 


1 pound patient received 3t00 cc of blood pnor to surgery v. jth a restoration of 

blood picture as shov,n PostoperaU'tly she was treated niih ammo aads intraven 
ously and orally as shown in Table 4 


table 4 — POSTOPERATIVE PROTEIN THERAPY RECUIEN IN A SIXTY-SEVEN 
tear Old wohan wtioihno eigiity-eiciit pounds, with a carcinoha 
op the hepatic flexure for WTHai A HEMICOLECTOMY AND ILEOTRANS 
VERSE COLOSTOMY WAS UOVE* 


Date 

Intravenous 
Ammo Acidsf 

Oral 

Protein, t 
Gm 

Plasma 

Volume, 

Cc 

Total 
Proleia, 
Cm per 
100 Cc 

Total Cit 
culalmg 
Protein, 
Gm 

Mbumm, 
Gm per 
100 Cc 

Hemato- 

crit, 

Per Cent 

7/28 

500 cc blood 


2011 

5 80 

116 6 

3 10 

44 

7/29 








7/30 

7S Gm 







7/31 

60 Gm 







8/1 

90 Gm 







8/2 

90 Gm 


2040 

5 43 

110 7 

2 9o 

43 

1 


cula^ proteins of 0 37 gni per 100 cc following surgery (or a loss of total ar 

ating protein of S 9 gm ) is minimal and less than we have previously found to be sig 
nmcam a j eve the proteins ad 


5 ANEMIA 


, presence of anemia m a patient with a lesion of the colon has 
oth diagnostic and therapeutic sigmhcance Although the frequency 
marked secondary anemia in patients with lesions of the ascending 
colon IS generally appreciated, the causative factors are less well under- 
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Stood Most authors agree that not all of the anemia can be attnbuted 
to blood loss, for certainly blood loss is as great from lesions from 
the left half of the colon where bleeding is more typical and occurs 
earlier Other factors which ha\e been discussed from time to time as 
related to this anemia have been the nutritional deficiencies of these 
patients, the disturbed absorption of iron which is supposed to take 
place m the right half of the colon, and other less well understood 
toxic and hepatic factors 

Although the recognition of the severe anemia that goes with lesions 
of the ascending colon is seldom difficult (we have recently had a pa 
tient with a carcinoma of the cecum with an erythrocyte count of 
900,000 per cubic centimeter and a hemoglobin value of 13 per cent) 
the anemias of less degree are frequently overlooked because of the 
hemoconcentration that may result from a diarrhea of long standing 
Accordingly, crj throcj te counts should be checked after therapy has 
been instituted We have been impressed with the greater accuracj 
of the hematocrit over the erythrocyte count m the average tech 
nician’d hands Further, because the hematocrit is performed upon 
venous blood, and the red count upon capillar) blood, the former is 
less apt to be influenced bv such phenomena as \ asoconstnction and 
vasodilatation 

A variety of measures are at hand to correct the anemia of colonic 
disease, and in the case of the right half of the colon probably all 
should be combined A high protein diet will contribute its benefits in 
the proper direction, for the body uses amino acids for building hemo 
globm just at it does for any cell Because the anemia is usually iron 
deficiency in type, the use of iron salts is of value but many months 
would be required to correct the loss by this means alone ITie use 
of liver extract has been encouraged by some m the belief that some 
hepatotoxic factor is in part operative, although this adjunct is ad 
mittedly empirical The use of red cell suspensions would correct the 
anemia more rapidly than by any other means, for one flask of such 
washed cells frequently contain as much as 150 gm of hemoglobin 
at present it is probably the least expensive method of correcting such 
a severe anemia for through the cooperation of the Red Cross Blood 
Banks, such cells are now available at a nominal charge of 15 00 for 
each flask However, because these patients require not only an im 
provement m hemoglobin stores but protein stores as well, we fee! 
that iihole blood transjusions xviU still scr\e both purposes at the same 
tune, and accordingly use whole blood in rather large quantities 
(Table 3) 

b COMPLICATINe DISEASES 

The patient with a lesion of the colon will have certain accom 
panying diseases which are attributable to his age and the effect of his 
disease upon his body economy However, these diseases demand that 
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V.C defer trcatmenc loner enough to recognize them and treat them 
appropnatelv lest our best cfTons be frustrated pcrtcnsion, arte 
nosclerotic heart disease, nephrosclerosis and chronic bronchitis are 
n^pical of any group of patients in the age group in which lesions of 
the colon are usuallv seen, and their incidence here is not dispropor 
Donate. iScvertheless, it bids one to be on guard against cardiac acci 
dents, pulmonatN edema, renal failure and pneumonia 

Panents with obstructing lesions of the colon not infrequenth enter 
the hospital m such a scicre state of dehydration that renal function 
IS diminished to a point which produces nitrogen retention which at 
times IS mdisunguishable clinicalK from uremia, how c\cr the response 
to dehydrauon is so dramatic that the basis for the nitrogen retention 
<ooa becomes evident Such dehydrated patients are more susceptible 
to parouns and measures to promote local oral hygiene and parenteral 
Saids arc both m order The senile patient is more apt to shoyv evi 
dence of ora! sepsis and unless this is recognized the patient may 
eventually be lost due to a lung abscess aspiration pneumonia or 
endocarditis \ remaining complication that merits definite efforts in 
recogniDon is unnary retention due to a hypertrophied prostate In 
ynew of the high frequency of unnarv complications follo\ymg colon 
surgery, everything should be done to minimize this compheatnm 
even if It necessitates a prostatic resection before the bowel resection 

EXPERIENCE OF THE OPERATOR 

We haye preytously reported, as hate others our partiality for 
pnmarv resection of lesions of the colon wnth immediate anastomosis 
tn the case of lesions of the left half of the colon we haye done this 
yyithout complementary colostomy At the time of the prey lous report 
yye had included tyyenn panents from the pnvatc practice of one of 
us (Karl A. Meyer) yynth one death, since that report yye haye oper 
ared upon five more private patients yyith lesions of the left half of 
the colon and were able to carry out a pnmarv resection, anastomosis 
yy'nhout colostomy, without any further deaths This makes the over 
all mortality for the twenty -five patients 4 per cent 

reasons yvhy yy e think w e are able to get the results yy e hay e 
yvith this rather recent approach have been discussed in full detail in 
the article alluded to We feel it is rebted entirely to the preoperative 
and postoperauy e care, the fundamentals of yy hich yy e shall list pres 
^fiy The trend for primary anastomoses has been applied to ampul 
^ lesions of the rectum by Wangensteen'® although the adequacy of 
l^^ocedare m removmg penrcctal himphaDc tissue has been ques 

The results achieved with primary resecnon are the result of evten 
sive etpenence and teamw ork and the occasional operator can hardly 
^ett to achieve the same success Undoubtedlv it would be better 

or the surgeon who performs 3 Imuted number of bowel resecDons 
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per year to favor exteriorization operations such as described by 
Lahey (ileocolostomy) and by Rlikulicz and Rankin for lesions of 
the left half of the colon Although these procedures ha\e the disad 
vantages of multiple stage operations, they are safer m the hands of 
the infrequent operator 


PREOPERATIVE ORDERS 

In another paper on this subject and in the preceding pages we have 
discussed at some length the physiological principles underlying our 
plan of preparation of these patients for surgery, we will therefore 
only list the routine measures as we have standardized them on our 
surgical service 

1 Diet To include 100 gm or more of protein and SOO gm or more of carbo- 

hydrate in the form of low residue foods Six feedings per day will facili 
tate adequate caloric intake 

2 Succmylndfathiazole Three grams ever> four to six hours night and day giren 

for a mirumum of one week 

J Blood Transftistons A rmnunum of 2000 cc of blood u given to all paoents 
in whom a resection is comemplated 

4 Parenteral Ammo Acids Sixty to 100 gm per day to all pauents with protein 

deficiency or unable to eat 

5 Vucmims, oral or parenteral per day 

Ascorbic Acid JOO to 500 mg 

Thiamine Hydrochlonde 50 mg 

Riboflavin 3 mg 

Pamotheruc Acid 6 mg 

Niacin 150 mg 

6 Paregoric (X drachm for two doses) or Perudered Opiiim (V grain for two 

doses) IS given the afternoon and evening before operation to control pens 
talsis 

7 Enemas Qeansing enemas are given the day before surgery They are not giveo 

earlier in order not to decrease the effect of the sulfasuxidine they are not 
given closer than twelve hours before surgery to prevent the retention of 
enema fluid within the colon and subsequent spillage at operation 

8 Lezin Tube All patients coming to operation for a bowel resection have an 

inlying gastric tube to prevent aspiration and postoperative distennon 

9 Preanesthetic Medication A barl iturate is admimstered the night before op- 

eration to insure a good nights rest Morphine is given one hour before op 
erauon in smaller doses for spinal anesthesia than for art inhalant atrop ne 
IS administered m customary quanuties 

OP£RATtV£ PKINaPLES 

We have previously review ed the arguments pro and con m refer 
ence to the procedure we have elected to follow here vv e shall only 
reiterate the fundamental principles involved 
Wherever possible we have employed spinal anesthesia most often 
with nupercaine This anesthetic has provided an adequate penod 
of anesthesia without the necessity for an inlying spinal needle The 
muscular relaxation and quiescence of the intestinal loops under spinal 
anesthesia have been a defimte advantage Those patients who required 
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an mhalant anesthetic showed n higher incidence of postoperative pul 
monarj comphcations 

We have employed the method of “open resection quite frcel> 
and have found it far simpler and less cumbersome thin the ‘closed 
methods requiring a \arict> of clamps \\ c Iiavc not had a single in 
stance of a death due to peritonitis m our cases We attnbute this 
record to emplovment of succinx Isulfathii/olc preopcrativelv, the use 
of sulfonamides localh, and of sulfadiazine mtravenousU 

All of our anastomoses were performed end to end and with the 
use of interrupted sutures Fine chromic catgut sutures on atraumatic 
needles were emplovcd in the mucosa, sillv or wire sutures on similar 
needles were placed as a second seromuscular row The rent created 
in the mesenterj is also closed with mtcmiptcd sutures The secuntx 
of the use of interrupted sutures cannot be questioned but of addi 
tional importance is the fact that such sutures do not encroach upon 
the lumen In the case of ilcocolostomj (Cases I, 11 V) wc have been 
able to emploj an end to-end anastomosis as well, to insure an ade 
quace ileal stoma we have cither divided the ileum diagonailv or cut 
the bowel wall of the ileum for a short distance on its antimcsentenc 
surface 

All wounds have been closed with interrupted sutures using silk m 
the peritoneum, 32 gauge stainless steel wire m the fascia and silk in 
the skin This method of closure has enabled us to get our patients 
out of bed starting with the first postoperative da> and increasing the 
period of ambulation each da> Wc have had no instance of wound 
evisceration and the number of wound infections has been minimal 

POSTOPERATIVE ORDERS 

We shall only summarize our standard postoperatwe routine, the 
basis for which has been previously discussed 

1 Farenteral Fluids A basic qoanuty of 3000 cc- of £uids per da> is administered 

which will be increased if there is an undoe loss from sticaon, persp^anon 
or drainage or if the patient excretes less than 1000 cc of anne per da> In 
senile or cardiac pauents this fluid may be giv en subeutaneoasI> , other 
vvue It IS given intrarenously at less than dO drops per minute Not more 
than 1000 cc is sabne unless indicated 

2 Trantfusions These are rarel) necessary posioperauvely if the pauent has re 

cened 2000 cc or more prcoperaavely However we do not hesitate to 
unlimited quantioes as is deemed necessary 

Suction The Levin tube inserted before operation is attached to a 
Wangensteen sucaon apparatus and continuous suction applied All siphon 
SRC matenal is collected and if it exceeds the quantit> taken in the form of 
dnnk or imgauon, it is calculated in the patient s sahne requirement. Sac 
uon IS continued until peristalsis returns and this is usually on the third 
postoperative day 

yperventilation It is employed routinely using mixtures of carbon dionde 
and oxygen We recommend its use every one or two hours and kept up 
anul hyperpnea occurs or the patient coughs. 
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5 Oxygen In pauents whose condition is precarious or have a cardiac comph 

cation It IS used routinely either with a nasal catheter or BL.B mask 
Although 100 per cent oxygen has acknowledged value in the treatment 
of distenuon we have not resorted to its rouune use for that purpose re 
lying upon the Levin tube instead 

6 Intraienout Sitljonatnidei For the first three postoperative days while the pa 

tieiit IS on gasme sucuon the sulfonanudes are administered by this route 
thereafter succmylsulfathiazole is administered orally To insure the ercre 
tion of the acctylated sulfa drugs we have frequently used a hter of N/6 
molar lactate to alkalimze the nrine VVe attempt to maintain a blood sulfa 
level during the immediate postoperative period of between 8 and 12 mg per 
100 cc 

7 Eleiation of the foot of the bed is employed durmg the first twenty four houn 

to prevent shock and to encourage the drainage of mucus from the respira 
tory tract 

8 Fhitds per os ate given immediately postoperaavely so long as the inlying gastnc 

tube functions This promotes oral hygiene prevents a parotitis and makes 
the Levin tube more tolerable Lemon juice encourages sahvauon 

9 Morphine or other opiate is used postoperaovely m quantities sufficient to con 

trol discomfort 

10 CathetertTJtion of the bladder is employed routinely if the patient has not voided 

by the conclusion of the days parenteral fluids for the bladder is most apt 
to be full then An inlying catheter has only been used in incontinent paoents 
to prevent skin maceration and decubitus ulcers 

11 Diet This IS usually started by the fourth posreperaove day and commences 

with boiled fruit juices in quantities of 2 ounces every hour this progres* 
sively increases in quantity and variety to a low residue diet The patient eats 
a regular diet at home 

I’ I itmiins These are given in the same dosage as preoperanvely They are given 
intravenously while the patient is on intravenous fluids thereafter thev are 
given orally 

13 Enettiu These arc not administered until the fifth or sixth postoperative davand ^ 

then in small amounts Most patients have a spontaneous stool bv' this time 
♦ and enemas are unnecessary 

14 Ainbiihtion Patients arc placed m a wheel chair for fifteen minutes on the first 

postonerativ e dav and for increasing lengths of time each day subsequently so 
that thev are walkine alone bv the sixth or seventh postoperative day 
1 ? Parenteral Ammo Acids are used postoperanvely where indicated in the same 
manner as in the preoperanve penod 

CONCLUSIONS 

A plan of management of lesions of the colon is presented which em 
phasizes an orderly sequence of events m diagnosis standardized 
preoperative and postoperative regimen and an operative technic 
which m our hands has rcsnlted in a mortality rate of 4 per cent 
and a minimal morbidity rate 
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TECHNICAL DETAILS IN THE MANAGEMENT OF THE 
DUODENUM IN GASTRIC RESECTION 

Raymond W McNealy, JVI D * 

In a previous article I called attention to some of the problems 
which are met m the management of the stump of the duodenum 
during the course of a gastric resection What I have seen and heard 
since then encourages me to review many things which were presented 
in detail at that time and to add some suggestions which ^vere omitted 
in the previous paper 

While some of the steps which will be discussed are very familiar 
and admit of minor \arntions, it will serve a useful purpose if a de 
tailed account is given of the handling of the duodenal stump in an 
uncomplicated partial gastric resection for ulcer 

On opening the peritoneal cavity a thorough survey of the entire 
contents is made, the lesion for which the resection is being done is 
carefully examined and the stomach and duodenum are carefully ex 
plored for fixation edema and lymph nodes 

In beginning the resection the usual procedure is to break through 
the avascular area of the gastrohepatic omentum medial to the left 
gastric artery and medial to the right gastric artery One is now able 
to pass the index and middle fingers into the lesser peritoneal cavity 
and by a sweeping motion to free it from the peritoneum overlying 
the pancreas It is now rather easy to push the middle finger down 
and medialward where it will stand out below the greater curvature 
near the pyloric vessels With a curxed forceps the gastrocolic omen 
turn can be torn through at this point without causing any bleeding 
The middle finger can then be pushed through this opening and a 
cotton tape passed from greater curvature to lesser curvature behind 
the pyloric end of the stomach This sling tape aids greatly in steady- 
ing the organ for further manipulations (Fig 121, A and B) The 
greater curvature is now freed of its gastrocolic attachment, passing 
along the greater cur%ature toward the fundus of the stomach When 
It has been freed toward the fundus it is then a favorable time to ligate 
all vessels and remove all forceps attached before proceeding to\rard 
the pyloric end of the stomach I have found it very helpful to proceed 
carefully to the region of the division of the gastroduodenal artery 
and then again ligate all vessels and remove clamps At this juncture 
the lesser curvature is approached and the varying right gastric artery 
IS ligated by a suture hg-iture This must be done carefully under sight 

• Associate Professor of Surgery, Northwestern University Medical School 
Otief Surgeon Wesley Memorial Hospital Attending Surgeon, Cook County Hos- 
pital, Chicago 
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Fig 120 -Aiicrial suppl> of gastroduodenal region 



^ gastroep plo CArt omentum 

Lesser per toneal ty 

Fig 121 ~/l The middle finger is pushed through the opening and a sling tape B is 
apphed 
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to be sure that the common duct is not encroached upon With both 
the lesser curvature and the greater curv ature freed up to this point 
It now becomes necessar\ to dnide the attachment of the pancreatic 
capsule and its peritoneal covering to the posterior aspect of the duo 
denum )ust bejond the pvlonis This step must be done with caution 
because it is easy to invade the gastroduodenal artery and cause un 
necessary bleeding The common duct may also be encroached upon if 
the dissection is not carefully done The greatest danger is found m 
those duodenal ulcers which penetrate the posterior wall of the duo 



denum near the superior cometity of the first portion of the 
tfuodenum 

When the pancreatic capsule is divided as shown in Figure 122, A 
the duodenum is clamped on the stomach side with a crushing holdmff 
clamp and a hghter clamp appLed to the duodenum itself When the 
duodenum is di\ ided and the stomach turned back, attention is turned 
to closure of the duodenal stump Many papers have stressed the im 
portance of a secure closure of this cut duodenum and the importance 
of this step merits the space devoted to it For several years I have 
used a very simple method of closure It is secure and takes very little 
time A single fine silk suture is used in a running stitch over the 
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holding forceps as shown m Figure 122, A \^^hcn the forceps is rc- 
mo\cd the dviodenum is shd Mong the suture and the duodenum is 
much narrowed (Fig 122, U) The second row of sutures is inter- 
rupted and brings serosa to scrosi o\cr the first line (Fig 122, C) 
Care is used in seeing that the ends are not left dog eared but well 
im erred as in Figure 122, D The third row is a little less closcU 
spaced than tlie second row and sciacs to bring the pancreatic pent 
oncum and capsules o\cr the line of suture just made and fix tlic 
capsule to the anterior surface of the duodenum just bexond the 
second suture line as shown m Figure 122, / 

Complicahons —There arc a number of complications wluch center 
about the closed blind ended duodenal stump Most of these can be 
prciented if careful attention is guen to the details of management 
which have been presented from time to time In or about the closed 
duodenal stump the follow ing complications max occur 
In the immediate postoperatixe period or later, a serious hcinor 
rhage may occur It more frcqucntl> has its origin from an eroded 
\esscl m the xvall or depth of an unrcscctcd ulcer Less frcquentl) it 
results from injury to or leakage from an insccurcK ligated xcssel in 
the region of the closed duodenum The gastroduodenal artery or 
one of Its branches is usually at fault If the bleeding is from the ulcer 
area it flows into the duodenum and nia> be xomitcd or passed in the 
stool If the xcssel is not m the ulcer, the bleeding usnall> occurs into 
the peritoneal caxitj and ma> not easily be diagnosed 
Various degrees of IcaLuge from the dosed stump of the duodenum 
fna> occur If it is small in amount and sloxx in appearance there mav 
be sufficient x\ ailing off bj the xisccra and omentum to form a local 
ized abscess In other instances there mav be a complete or frank dis 
Titptioii of the closed stump xvith diffuse soiling of the peritoneum 
In the case of abscess formation or disruption of the sutured duo 
denum there not uncommonly follows an escape of the exudate to 
the surface through the original incision in the abdomen A duodenal 
fistula may make its appearance after this and lead to endless suffering 
from uncontrollable erosion of the skm and tissues about the site of 
the fistula The management of these fistulas requires patience and in 
gemiitj and the morbiditx and mortality m these patients are verx 
high 

RESECTION OF ULCER IN THE DUODENUM 
When a partial gastric resection for duodenal ulcer is decided upon 
the implication is that enough stomach xvill be resected to insure 
against continued excessive acidity of the gastric secretion In addition 
}t IS presumed that the ulcer in the duodenum xvill also be resected 
ere is little excuse for not domg this in some instances but there 
are many times xvhen resection of the ulcer in the duodenum assumes 
eroic proportions The txvo complications xvhich lead most fre 
fiiientlj to partial gastric resection arc hemorrhage from vessels eroded 
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by the ulcer or pyloric stenosis from inflammatory infiltration, edema 
and scar formation The proximity of the gastroduodenal artery and 
common duct is illustrated m Figure 123, A 

When the ulcer is on the anterior wall of the duodenum, close to 
the pyloric vein, closure of the stump presents comparatively few diffi 
culties In some instances the scarring may be so marked that identifica 
tion of the exact limits of the pylorus and duodenum may be uncer 
tain In these patients it may be diflicult to apply a clamp to the 
duodenum in a manner which will allow of its inversion by the usual 
method In these, it is probably safer to apply a clamp to the stomach 
side and support the cut end of the duodenum with Allis’ forceps If 
there is any doubt about the presence of the gastric ring mucosa of 
the pyloric end of the stomach, the mucosa may be cut away for a 
distance of a centimeter or more The duodenal stump is closed with 
either interrupted silk sutures or a single running suture of catgut 
reinforced b> two rows of interrupted nonabsorbable sutures of silk 
or cotton The second row of nonabsorbable sutures approximates the 
peritoneum of the pancreatic capsule to the antenor surfscc of the 
closed duodenum 

More than 60 per cent of duodenal ulcers are on the posterior wall 
It IS m this location that it is most likely to be complicated by massive 
hemorrhage or b> p>loric stenosis These complications, hemorrhage 
and stenosis, are the most common imperative indications for surgery 
If the operation is done for single Urge hemorrhage or recurrent 
bleeding, there arises the necessity of preventing any further bleeding 
from the eroded vessel As mentioned before, this bleeding vessel is 
usually found to be the gastroduodenal artery or one of its smaller 
divisions located in the ulcer crater and surrounded by pancreatic tis- 
sue (Fig 123, B) Not infrequently the ulcer area infringes on the 
gastroduodenal ligament and causes it to be infiltrated and edematous 
In many of these patients it is a real chore to bring them up to a level 
where they are even fair risks for so serious an operation as gastric 
resection E^ en when they are in good condition, their safety margin 
may be alarmingly narrowed by injudicious handling of the duodenum 
and Its penetrating posterior wall ulcer There are several ways of at 
tacking this problem and no fixed rule can be laid down for each case 
m advance 

If the operation is done for pyloric stenosis, the obstructed area may 
be so infiltrated and endematous that it is impossible to follow lines of 
cleavage or accurately identify the anatomical structures in the vicin 
ity If an attempt is made to free the superior flexure of the duodenum 
from the pancreas and carry the dissection beyond the ulcer, it will 
be very difficult to follow the duodenal wall because of its friable con- 
dition and Its intimate adherence to the surrounding structures Bleed 
mg from many small vessels is usually troublesome and tends to ob 
scure further the pursuit of duodenal mobilization 



MAN'AGEMENT OF DUODENUM IN GASTRIC RESECTION 205 


The gastroduodenal anery is embedded in the pancreas just behind 
the first portion of the duodenum and it offers many obstacles to free 
dissection of this area. If an attempt is made to isolate and ligate the 
gastroduodenal artery above the superior fle.\ure of the duodenum as 
a means of controlling hemorrhage in the ulcer depth or from the 
pancreatic bed of the duodenum, the result will usually be disappoint- 
ing. It w ill be necessary, as a rule, to ligate also the vessel below the 
duodenum where it branches into the pancreatic and epiploic divisions 



c 

Fig. 123 {For explanation, sec text.) 


ccurate hgation both above and below the duodenum will usually 
®Sainsc further extensive hemorrhage, but the rich collateral 
w S^stroduodenal artery leaves this method somewhat ques- 
onable. Direct suture of the eroded vessel in the ulcer bed is most 
e la le because of the extremely friable condition of the vessel and 
Its surrounding tissue. 

if one were successful in freeing up the duodenum, there still 
wnoM mobilizing enough wall for an inversion which 

e adequate to prevent leakage or disruption. 
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It IS the gastroduodenal artery that is most obtrusive m dissection 
of the duodenum, but the presence of the common bile duct just distal 
to the artery presents an additional hazard In pursuing an attempt to 
close adequately the duodenal stump, several cases have occurred m 
which the common duct has been completely obstructed (Fig 123, C) 
This IS a most unfortunate accident, for the dissection necessary for 
release and repair is also very difficult The fact that a mild transitory 
jaundice, due to angulation or temporary compression of the common 
duct, not infrequently appears following a gastric resection and clears 



Fig 124 —Method of closure of duodenal stump (For erplanation, see test ) 

up after a few days, is undoubtedly responsible for unwarranted delay 
in the cases where the common duct is completely obstructed during 
the duodenal stump closure In the hope that each case of postopera 
tive icterus may be of the temporary type, further surgery is not 
attempted until the condition has shown no tendency to improve 
spontaneously and the piatient becomes progressively more deeply 
jaundiced 

From what has been said it is obvious that the vulnerable posterior 
wall of the duodenum is one of the principal hazards m gastric resec 
Cion 
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In my e\perjence the ncccssjtj for resecting the duodena! ulcer area 
does not seem to be at all imperative There is i tendcnc> for these 
ulcers to heal as soon as the gasinc secretion is complctclv divencd 
Where bleeding has been present before surgerj and exploration re- 
veals a penetrating ulcer of the posterior wall m the first portion of 
the duodenum, I have found verj useful a method of closure which 
has been termed “closure of the duodenum with tamponade' It is 
developed along the following lines 
The duodenum is divided between clamps at or near the p>loric 
orifice The duodenum is freed up cautiouslv so as not to invade the 
ulcer area on the posterior wall After prcliminarv closure of the 
stump with a Kerr Parker stitch, or more commonl), a simple over- 
and over suture (Fig 124, A and B), the duodenum is then plicated 
longitudinallv for a distance of 1 to lk_ inches (Fig 124, C and D) 
This plication extends bc>ond the ulcer crater of the posterior wall 
The purpose of the plication is to crowd the anterior free wall down 
into the penetrating ulcer crater on the posterior wall, as shown in 
the diagrammanc cross section of Figure 124, D In man) wa)s this 
procedure follows the principles of the obliterative aneur)5morrhaph) 
of Matas The enfolding not onl) tamponades the ulcer from which 
the hemorrhage, if any, has come but it also protects the weak stump 
from leakage and disruption Fogelson and his co workers have shown 
that this method adds greaclv co the sccunt) against blowouts of the 
duodenal stump 

intraluminal pressure in the duodenal stump 
When a gastnc resection has been done and the gastrojejunal anas 
tomosis completed the gastnc contents escape directl) into the je;u 
uum and only a small portion should find its way into the duodenum 
ihere is however, the normal duodenal content of bile, pancreatic 
juice and secretions of duodenal mucosa which should be m the 
neighborhood of lOQQ to 1500 cc va twenty four hovics WitK this 
quantity of fluid pounng into the short duodenal loop, it is easy to 
1 how any interference to the outflow of this proximall) 

c osed loop would lead to distention and dangerous intraluminal pres 
u ^ effects of retention and distention of this duodenal loop 
we been emphasized b> many writers 

hevenl complications have been shown to contribute to obstruction 
0 t e duodenal outflow following gastric resection The three most 
ji commonly found are ( 1 ) the jejunum is acutely angulated from im- 

/ proper fixation at either the greater or lesser curvature angles of the 

^ obstruction may result from constriction of the af- 

of the anastomosis by the mesocolon through 
'* Q ^he anastomosis must pass (3) hermation of the jejunum ma) 
^ cavitv ^^^h of the small intestine slip into the lesser peritoneal 
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Many authors have stressed the importance of careful suture of the 
angles of the anastomosis because they do not lend themselves easily 
to accurate closure Finsterer suggested a method of reinforcing the 
lesser curvature angle by a half purse string suture of the stomach 
and adjacent jejunum If correctly applied no difficulty arises, but if 
the jejunum is angulated too acutely along the lesser curvature a defi 



Fig 125 -Acute angulation at (A) upper and (B) lower angles of anastomosis 

nite obstruction appears This angulation interferes with the passage 
of contents from the duodenal loop (F^ 125, A) 

A similar angulation may be produced at the greater curvature bj 
angulation of the efferent loop toward the fundus If the transverse 
mesocolon accentuates this angle an obstruction is produced which 
partially or completely blocks the efferent jejunum (Fig U5, B) 
These two technical errors not only interfere with the passage of gas 
tromtestinal contents but they distend the duodenum and favor leak 
age or rupture of its closed end 
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Herniation of small intestine through the transaerse mesocolon open- 
ing can usualK' be a\oided if the left edge of the opening in the meso 
colon IS sutured to the posterior wall of the stomach before the anas- 
tomosis IS done The sutures should fix the mesocolon opening to the 
stomach about 1 inch proximal to the line of anastomosis I feel that 
nonabsorbable sutures should he used to present the mesocolon slip 
pmg do\\n o\er the line of anastomosis The right leaf of the meso- 
colon opening can be applied and sutured most casiK after the anas 
tomosis has been completed and the stomach brought through the 
opening 

summary 

While the importance of adequate duodenal stump closure in gas- 
tric resection is recognized h\ most surgeons, critical evaluations and 
contributions to strengthening and improving the closure have been 
sparse 


When resection is done for an ulcer on the \ ulnerablc posterior vv all 
of the duodenum, the difficulties of closure of the duodena! stump arc 
greatly increased In the case of hemorrhaging peptic ulcer, failure 
can be attributed frcqucntlv to the technical steps vv Inch do not effi- 
ciently prevent recurrence of hemorrhage In man> instances the 
bleeding is from an open eroded vessel which cannot he successfullv 
approached, as it lies in the ulcer bed surrounded l>\ pancreatic tissue 
In these eases and m eases of pyloric stenosis due to edema and inflam 
niatof) mfilcratton resulting from the ulcer’s penetration of the head 
of the pancreas, it is often extremely difficult to free up the duodenum 
from the pancreas and carry dissection bev ond the ulcer Even if one 
"ere successful m freeing up the duodenum, there would still remain 
the problem of mobilizing enough wall for an inversion which would 
be adequate to prevent leakage or actual disruption There is also the 
dangerous possibility of involving the common duct in an adequate 
closure of the duodenum 

It is my feeling that too much emphasis has been placed on the ne- 
cessity of resecting the ulcer itself, particularlv m cases of penetrating 
posterior wall duodenal ulcers Even the most chronic of these tend 
to heal when gastric secretion has been diverted 
A method of duodenal closure has been presented, which I have 
ound particularlv helpful, both m lessenmer the number of hemor 
rnages and m protecting the weak stump against the back pressure 
which under ordinary circumstances might encourage it to blow out 
Hemorrhage is prevented b> crowding the anterior wall of the duo 
enum down to act as a plug to the ulcer bed on the posterior wall 
ressure on the duodenal stump is alleviated by the transverse plica- 
^^rrowing of the duodenal lumen just proximal to the stump 
j ihe various technical errors which lead to marked increase of intra- 
ummal pressure of the duodenum can be avoided by scrupulous atten 
ion to the mechanics of the gastrointestinal anastomosis 



THE TECHNIC OF CHOLECYSTECTOMY AND 
CHOLECYSTOSTOMY 


Ahkell M Vaughn, M D FACS* 

If the extnhepntic bilurj s> stem is abnormal cholec>stectoniy mi) 
be a difficult procedure requiring skilL ingemiit) and surgical )iidg 
ment A tholecj stectomj ma\ be is difficult as a gastric resection 
ind should be regarded is such Mans of the failures m gillhladder 
surgers result from a lick of knowledge ibout the peculiarities of 
this organ 

ANOMALIES OF THE GALLBLADDER EXTRAHEPATIC BILIARY PASSAGES 
AND ARTERIES 

Anomalies of tVie Gallbladder —In i review of the literature Ginss 
found seventv three cases of congenital absence of the gallbladder 
Maingoc® reports that he his seen double bilobed ind diverticular 
\orvts of the gallbladder Unusual positions of the gallblidder are in 
trahepatic m the anterior ibdonuna! wail on the left side retrodis 
placed transverse and floating 

Anomalies of fhe Bile Ducts— Tfec cystic duct vanes in length dum 
eter shape, configuntion ind relation to surrounding structures 
Lichtenstein and Ivv^ have dramiticallv shown these variations b\ 
sketches from the human cadaver (Fig 126) Maingot® shows that in 
some cases the cvstic duct is absent When this occurs the mfundibii 
lum enters the common duct b) a wide mouth (Fig 127, C) 

The terminal portion of the c>stic duct may be adherent to the 
lateral margins of the common bile duct for a variable distance being 
fixed to the duct bv bands of fibrous tissue (Fig 126 -f and 8, and Fig 
127 B) Lichtenstein and Ivy’ point out the surgical importance of 
this for numerous cases have been reported m which the common 
bile duct was injured during operation or mistaken for the c>stic duct 
and ligated 

The cv Stic duct normal!) enters the common bile duct on the right 
side (Fig 127 A, I) According to Miingot,® 8 to 10 per cent of the 
ducts mav enter on the anterior surface (Fig 127, A, 4), the posterior 
surface (Fig 127 A S) or the left or medial side and swing spiralh 
iround the mam duct posteriori) (Fig 127, A, 3) 

I null the Depirtment <f Surter> I oyoU Unnersity School of Med cmc 
\lcrc> and Cook C<)unt> H« pitils Chicago 
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~^’anations in stupe «f cjstic duct (Lichtenstein and (Re- 

printed l)> courtes) and pemmsion of the authors and pulilisher, The C V 
Co, St. Louis, Mn ) 


Accessory bile ducts may be as lai^e as the normal cystic duct, or 
^ may be quite small. Failure to recognize injurv to these ducts 
tiring cholecjstectomy may result in a fatal bile peritonitis or an ex- 
ternal biliarj' fistula (Fig. 127, D). 
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Anomalies of the Arteries.— The recognition of anomalies of the he- 
patic artciy (especialJv the nghf hepatic) and the cystic artery and 



Fig 127 —Anomalies of the bile ducts (iMaiiigoc^) A, The c>stic duct mav 
enter the common bile duet an) here from )u« abote the ampulla of Vacer up 
tu Its twttcul tftttance (.N fi Recently, 'Jch.ile petfoctti.vn.s a Whipple operation 
for the remoial of an earl> carcinoma of the head of the pancreas, we found the 
cystic duct entering the common bile duct lusi above its entrance into the duo- 
denum [A, 2] This anomaly should ahva>'s be kept in mind dunng the removal 
of the head of the pancreas and duodenum for carcinoma ) An accessory cystic 
duct may open, D, I, into the neck of the gallbladder, D, 2, into the right hepanc 
duct, D, S, into the right side of the common hepauc duct, and D, 4 and S, at a 
point at or very close to the ate where the cystic and common hepatic ducts jom 
(Reprinted by courtesy and permission of the publisher. D Appleton (Century 
Co , Inc , New York and London ) 

knowledge of the possibility of accessor> cystic arteries is important 
in gallbladder surgery. 




Fig 128-Tlic right hepatic ancr> is liable to mjurj dunng cholcc> stcctom) , 
as sho\ra b> Flint* (cited b> Maingot*), when ‘ 1 It lies parallel uith and close 
to the c>suc duct 2 It forms a loop in front of or a ring around the common 
hepatic duct 3 It projects markcdl> forward forming as it were a knucVlc close 
to the upper margins of the neeV of the gallbladder before sweeping backward 
to the portal fissure 4 The gallbladder has a mescntcr>, as m such eases the ar 
tcr> often lies within this on its wa> to the right lobe of the Iner 5 It is dragged 
out of position b> a sclerosing gallbladder 

Reccnilj during the dissection of a common bile duct we obsened the 
hepatic aner> crossing o\cr the duct antcnorl) Wien l>mg in this position there 
is danger of clamping it during cholcc>'stcctom> (Reprinted b> courtesy and 
permission of the publisher, D Appleton Cenruiy Co Inc New ^ork and 
London ) 
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The right hepaiic urttry is likc)i to be injured durmg cho)cc>stcc 
tomj, a'5 shown in Figure 128 

The cynic artery arises from the right hepatic m the majonc)' of 
cases It nm, ho\\e%er, have nun> bizarre origins These greatvana- 
tjons are shown m Figure 129 

Accessory cyttic arterm xms be single or double Thej usuahj pass 
m front of the bile ducts If ihc\ arc unrecogntzed, se\ ere hemorrhage 
mas result during the dissection that is necessars for choices stectoms 

INDICATIONS AND CONTRAINDICATIONS 

{ndicabens for Cholecysfecfonay —Indications for choices stectoms m 
the hands of an expenenced i.urgc<in may not be the same as in the 
hands of an jnetperienced opentor Mam tinier che pathologs is such 
rliac it IS much safer for the patient and « iscr for the otcisional oper 
aror to perform a cholecssrostonn rather than a cholecsstecrom) 
Nev erthcicss, there are cettam gcnenlh accepted mdiLations for cholc 
csstectoms, which arc as follows 

1 Chflkhchum 

' OlTomc chule<.>si«» \'«U Moncs 

J Chronic cho)ec>«im wuhtnii snmes bui wjih marUd ihicUiiing of 

wall of the i.ain'la<l<Ur or j>erjchokc>srHis 

4 ClifilesceroMs of the (rallliladdtr (^f^3ttI^cro (raJIhhdderl 

5 Acute cholcc>5tnw wuhttut marked edenta of the (.astrohcpatic omenium 

or lipamcnt iwluch usvalls otcurs m the first fort} •eit.ht hours of 

ucacW) iml wtihmu j>cr»cl«>Iccs-stic alisccss 

6 Mf»sc cases of inrcmd «r cxtennl hdur> ftsttih and c^pctialli fistula 

follossinp cholec)sf«stom\ 

7 Mucocele of the pallhhddcr doe to a stone inipactcd m ihc csstit duU 

Of neck of the g^UhUdder 

fif \ oh ulu» of the gallbladder 

9 Gangrene of the gallbladtJer 

10 Carcimnm of the ^allbbildcr jf no marked liter nictastascs are present 

H Innocent new growths of the galitdadder 

13 In ophoed tfailc; earner 

1} Contracted gallbladder 

Confretndicahoni fo Cholecysfecfomy 

1 A normal gallbladder 

2 An acute choJecj stitj» nnb marked cdemi and swelling of the gastto 

hepatic omentum or pencluilec>sttc abscess 

3 Aged and tnfitm patients with cardiac renal pincrcatic or pulnionarj 

lesions and ewreme obesii} 

4 A distended gallbladder and a ciMiMUtm bile duct without stones due to 

obstruction in the common duct or ampulla 

Indications for Cholecystosfomy— Although cholecv stecromi has been 
i popular operawon in the past few tears, chole<n4N«n>JJi\ holds a 
ten HHpomnt phte and imt be uinsitlered a most signifitint 
opentioij in gallbhcldcr surgety R*>gcr T \ auglnn quoting fnnu 
DeA\cr» states thu after cholccvstostoim ' 70 per tent of ihc patients 
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ln\c no further sMuptoins’ In our cirK surgic-il pnctice \\c tlnincd 
nnn\ more gtlihlKlders for stones thm ut ilo iiou, wirli the result 
that the ina)ont\ of patients expenenetd n<» further gallhlntlcler distress 
\er\ snnll percentage «)f these underwent eholecN stcetoms htcr 
We reeentU saw at autopsa the gallhhddcr of a patient who had died 
of apoplcw She had a elaolee\stajst«un\ h\ an eminent C lucago sur 
«con nineteen \ears ago with the rcnioaal of 100 stones The gall 
bladder appeared normal w itla no stones, and no c\ idcnee of the pres i- 
ous opening of the gallbladder was sisihlc The absence of adhesions 
in this area was an interesting ohscrsation 
Some of the indieations for choice) stostoms arc 

1 CholclitliiiMs with gallbladder wall pttK<l> normal 

2 An old or pni\cl> ill paajcm 

I E.\ticmcl> oliesc alidoimnal wall where expmurc of the duct is dilficult 

4 Acute cholccjstitis with mnamiiutnrs cdciin of the pastrohcpatic omen 
tun) 

J Perforated gallbladder pcric!i«lct>stic ahstcse and liilur> pcritonilis 

f As a prchnimar) mowiix in certain eases of aeiitt ebolet> stitis with sup 
puratixe ebolaneins and ohstruetion of the eommim bile duet 

7 Traiitmttc rupture of a nonml gtllhluldcr 

8 I mpxcnij of the gallbladder 

Coniraindications fo Cholecystoitomy 

1 Common duct obstruction l»> neoplasm with ebstention of the duct and 
gallbladder and xvitbout cxtdcncc of inflammation Dr image would re 
suit m an estcrnal l)iliir> fistula A cholec>tto duodcnostonij, gastros 
toni) or jcjunostoni) would be the operation of choice 

’’ In chronic choice) scitis with a stone impacted in the c)Siic duct the stone 
must (le remnxed 

3 Acute choice) Stitts when there is no edenn of the pastrolicpatic omen 

turn pcrtcholcc)stic abscess or pcncholcc)stitis which usuall) is not 
present m the first fort) eight hours of the attack 

PARTIAL CHOLECYSTECTOMY AND CHOLECYSTOSTOMY 
In ^ few cases of gangrene of the fundus of tlic gallbladder it Ins 
een advantageous to do a panial choices 5>tectom\ and a cholecvstos- 
tomy These patients are usinlK quite ill and there is much inflam- 
matorv edema m the area which nnkes visuali/cation of the cvstic and 
common ducts poor and dissection hazardous The gallbladder is freed 
rom above down near the neck of the gallbladder The upper gan 
grenous part of the gallbladder IS removed, and a hard rubber dram 
s inserted and sutured into the neck of the gallbladder This removes 
and of involvement and the tube allows drainage of bile 

^nH 1 outside, with the result that absorption is lessened 

dr? ^ tree can be drained quicklv When edema subsides the 

shorT^^ “^^omes less, and the external bihar> fistula closes within a 
subs provided the common bile duct is patent The hepatitis 

total whole the operation is a safer procedure than 
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PREOPERATJVE PREPARATfON 

Preoperative and postoperative preparation and care are as impor 
tant to the patient suffering from gallbladder disease as the technic 
of the surgery No elective patient should be operated upon without 
two or three days of preparation in the hospital The following prc 
operative care may not be necessary m all cases but when indicated it 
should be carried our 

An acute upper respiratory infection or other mfecuon must be removed be 
fore surgery is contemplated 

Oral hygiene should be cared for to rid the buccal cavity of any mfecuon 
Having the teeth thoroughly cleaned by a dentist is a worthwhile preoperauve 
procedure 

Vitamin deficiencies should be corrected Vitamin C given liberally preopera 
uvely seems to promote wound healing Vitamin h. should be given liberally if 
there is or has been any indication of jaundice or lessened prothrombin time 

Reduction in ueigbt slowly over a period of time is desirous in cvtremely 
obese individuals 

A roentgenogram of the chest and electrocardiogram are essential if any d s 
ease is suspected in the lungs or heart 

A complete gastrointestinal r ray is imperatne to rule out stomach or bowel 
disease A peptic ulcer mty'"b« responsible for the symptoms when a silent sto e 
IS found upon a /lac place x ray Rcmoial of the stone will not relieve the svmp 
toms of the ulcer and hence no benefit is gained by the operation If gallbladder 
disease is the cau e of the $>mpioms removal of it will usually relieve the patient 

Urinalysis and complete blood count arc necessary to rule out kidney and 
blood disease Absence of urobilinogen in the urine indicates obstructive jaundice 

Blood chemistry studies should include nonprotein nitrogen urea nitrogen 
creaumne icterus index prothrombin time serum protein and chlorides 

Adequate fluid balance with hberal intake of glucose and protein is indicated 
The glucose is giv^n in the form of hard candy by mouth for several days and 
1000 cc of 5 per cent glucose m distilled water is given by venoclysis the day 
before surgery Protein can be supplied by adequate meat diet and blood or plasma 
transfusion Its need is shown by the plasma protein determination The normal 
plasma protein is approximately 7 gra per 100 cc and an attempt is made to have 
It between 6 and 7 gm per 100 cc W ound healing is greatly enhanced and there 
IS also less danger of disruption of the wound or postoperative infection when 
the plasma protein is near normal 

Hippunc add hver function test and other liver funenon rests if available and 
if indicated should be done if only for protective or prophylactic purposes There 
IS some question as to the surgical value of these tests but if the tests show a 
poor funcuomng hver it is wise to postpone die operation and improve the func 
non of the liver unul a later date when the panenc will be in a better condmon 
to withstand surgery 

Cleansing of the lov-er boviel by a soapsuds or saline enema the night before 
surgery is indicated 

Nembutal, 114 grains or some other barbiturate should be given the night be 
fore surgery and repeated at 7 a-ai on die day of operation This usually insures 
a peaceful mght and relieves apprehension the mormng of surgery 

Acquaint the patient vitth the use of the bed pan This may prevent the need 
for postoperative catheterization. i, r - 

Morphine sulfate, ’4 grain and atropme sulfate %50 gram one hour before 
surgery will insure a better anesthetic effect 
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POSITION ON THE OPERATING TABLE 
Most Operating tables arc equipped Midi a gallbladder lift Mhich is 
placed under the lower ribs This arches the body posteriori) sIightK 
and elevates the epigastric region, thus bringing the liver and gall- 
bladder forward The table is then tilted m a reversed Trendelenburg 
position to about 15 degrees This is the usual position However, we 
occasional!) place the patient on the table in a jackknife position with 
the knees flexed and the chest elevated Hus relaxes the rectus ab 
donums muscles and brings the liver and galHiladdcr down This has 
been found to be an advantageous position in some eases of gallblad- 
der surger) However, for tonimon duct surgerv I prefer the con- 
ventional position 

ANESTHESIA 

We are using sodium pentotlial (2 per cent) supplemented with 
cyclopropane and oxygen at the present time with satisfactorx results 
The sodium pcntothal prov ides good relaxation 
When cvclopropanc or cthvlcnc is used without sodium pen 
tothal, and if more relaxation is required, 3 cc of curare intravcnouslv 
(Intocostnn, Squibb) is given after the gallbladder has been exposed 
This gives excellent relaxation for about thirty minutes during which 
time the ducts can usuallv be exposed, the gallbladder removed and 
the peritoneum closed Occasionallv an additional 2 cc may be re 
quired Curare is a dangerous drug and should be given only by an 
experienced anesthetist who is equipped to give artificial respiration 
for the necessary period of time should respiratory* parolxsis occur 
My experience with spinal anesthesia m gallbladder surgery has been 
limited However, if no contraindications exist, and if it is given by a 
qualified anesthetist, it is considered a good anesthetic for this opera- 
tion 


INCISIONS 

Numerous incisions have been described and employed in surgery 
of the gallbladder and biliary passages The incision which preserves 
the nerve supply to the rectus abdominis muscle and at the same time 
gives adequate exposure to the gallbladder and bile ducts is naturally 
the one of choice For this reason 1 have employed two types of inci- 
sion in the past few years, namely 

^ tipper paramedian from the xiphoid to a point 

fo the right and below the umbilicus (Fig 130) This is the one most 
commonly used, and it gives the best exposure m the majority of cases 
e rectus abdominis muscle is retracted htenlly, thereby preserving 
2 supply to the entire muscle 

^^^Gurd s transverse incision with or without division of the 
ctus abdominis muscle, and preferably without division of the mus 
Th ^ retraction and exposure can be obtained (Fig 130) 

e skm incision is earned from slightlv to the left of the midlme to 
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the tip of the tuelfth rib on the right side The incision is iisualh 2 
cm above the tipper border of the umbilicus and below the middle 
inscriptio tendineac and is carried down through the skin and sub 
cutaneous fascia to the anterior sheath of the rectus abdomims muscle 
md external oblique muscle and aponeurosis The external oblique and 
internal olilique muscles arc split in the direction of their fibers, the 



fig 130 —Diaphragmatic drawing showing structures encountered in the ver 
ticil right upper paramedian incision Inset 'ho«s location of the Curd s and right 
pinnicdian incisions 

interior sheath of the lectus abdominis is cut transversel) and the 
rectus muscle is retracted mediallv The posterior sheath of the rectus 
ihdominis muscle, transversahs fasen transversus muscle nnd pent 
oneunt are cut rransverselv nnd the 'ibdoimnal cav itv opened If 
posure IS difficult, the right rectus abdominis muscle inav be divided 
transverselv The ninth mtcrcostil nerve can be retracted mediall> and 
preserved While the exposure in this tv pc of incision is not alwavs 


ClIOLrCYSir.CIOMY AND CIIOI.FCYSIOSTOMY 


219 


the host and adequate retraction is essential, the patients on the whole 
have a smoother convalescence and less postoperative pain. Drainage 
tubes if used can l)c brought out tlirough the lateral margin. This in- 
cision is especially desirable in tall, thin patients. 

The oblique incision in our hands has proved unsatisfactory, since 
the incidence of postoperative hernia has been greatest with this type 
of incision. 


TECHNIC OF CHOLECYSTECTOMY 

The skin is prepared by painting the abdomen from the nipples to 
the pubes with any one of tlic numerous antiseptic solutions. A ten 
minute green soap scrub may he used. The field is then draped. 

1. Incision.— The vertical upper right paramedian <»r Curd’s trans- 
verse incision is carried througli the skin and subcutaneous tissue. Skin 
towels are applied to the skin edges and secured with clips. If the 
vertical incision is used, tlie anterior sheath of the rectus abdominis 
muscle is cut longitudinally in its median one-third (Fig. 130). The 
muscle is dissected from the lutdline. The two upper inscriptio ten- 
dineae firmly attach the muscle to the midlinc. niood vessels arc en- 
countered in the tcndincac and must be secured liy a suture-ligature 
since a simple ligature alone may slip from the cut edge of the fascia. 
The entire rectus alidominis muscle is retracted laterally after a moist 
warm lap pad is placed over it. This lap pad protects the muscle from 
trauma exened by the retractor. The peritoneum and transversalis 
fascia arc cut vertically about 1 inch from the midlinc since the lateral 
border has a tendency to retract under the muscle. It is important in 
closing the peritoneum to include both these layers, for failure to 
include the transversalis fascia may result in a postoperative hernia. 
1 he peritoneal incision is made about 1 inch shorter than the fascia 
incision, which in turn is made 1 inch shorter than the skin incision. 
Lhesc steplike incisions in the anterior abdominal wall facilitate clo- 
sure, especially at the ends of the incision. 

2. &ploration.— A systematic exploration of the abdominal cavity is 
done if there is no acute infection present. The liver is palpated and 
Its color noted. A sharp liver edge indicates a nonnal liver, -while a 
rounded swollen edge indicates disease, such as hepatitis. The fore- 

nger of the left hand is placed in the foramen of Winslow’, if nor- 
mally patent, and the e.xtrahepatic bile ducts are palpated for stones 
or gnnvths. The gallbladder is palpated for stones, grow’ths and thick- 
ness. I he duodenum and ampullary region and head of the pancreas 
3re palpated as are the stomach, entire colon, kidneys, spleen and 
pC'ic organs. Lastly, the hand is brought out of the abdomen with 
e c^um and appendix. If a pathologic condition is found in the 
ppendix, it may be removed at the end of the operation provided 
encountered with the cholecvstectomv and the 
ndition of the patient is satisfactory'. 
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3. Exposure.— A self-retaimng abdominal retractor is placed m the 
wound Moist laparotomy pads are placed over the transverse colon 
and the stomach down to the duodenum <Fig IBI). A Deaver or, 
preferably, a medium wide flexible retractor is placed over the lapar- 
otomy pads down to the root of the mesentery By retracting ob- 
liquely downward and to rbe left, rhc duodenum is flarrened out and 



Fig IJl -The exposure in cholec>stectomy showing relauon of gallbladder to 
the foramen of Winslow, hepatoduodenal ligament and surrounding structoies 
Inset (a) js a cross section of the hepatoduodenal ligament which is the thick- 
ened fight border of - — ' - - ■ - ’ - iTnentum) and forms the 

anterior boundary of Three important struc- 
tures course through ommott bile duct to die 

right, (2) the hepatic tal vein beneath and be- 

tween the duct and artery 

the hepatoduodenal ligament is exposed. The stomach, colon and 
omentum are not visible in the wound Assistants retract the right and 
quadrate lobes of the liver upward, preferably with their Angers en- 
compassed with moist gauze to protect the liver from trauma A strip 
of gauze IS inserted into the foramen of Winslow if patent (Fig 
131). This prevents blood and bile, if any leakage occurs, from enter- 
ing the lesser peritoneal cavity. 
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4 Exploration of the Common Bile Duct —If tlicrc is an) unccrtiint) 
about obstruction in tlic common hilc duct after mininl exploration 
and palpation it must be opened and explored The results of this 
exploration x\ ill detenmne w licthcr tlic gallbladder should be rcmo\ ed 
or drained If an irremo\ablc obstniction is found, choice) stcctom> 
uill ha\c to be abandoned If the c)stic duct is patent and the condi 
tion of the gallbladder satisfactor\ , the surgeon can perform a cholc- 
c)stoduodenostom\ preferabU, or a choice) stogastrostom) or cholc 
c\stO]Cjunostonn If the c\stic duct is obstnictcd and the gallbladder 
IS not useful, a cholcdochoduodcnostoim is an altcmatnc Some sur- 
geons almost routtncl) open and explore the common bile duct if stones 
are present in the gallbladder I do this onl\ if I think the indi\ idual 
case demands it Hake’s flexible common duct dilators arc satisfactorv 
for probing and dilating the intradiiodcnal portions of tlic common 
bile duct 

5 Removal of Ihe Gallbladder from fhe Fundus Down —If choices s 
tectomy is decided upon rather than choices stostoma , tlic next ques 
tion is whether to rcnio\c the gallbladder from the fundus dosan or 
from the c)stic duct up Tins depends upon sc\cral factors including 
the operators capabilica, thoitc or experience the condition of the 
patient, and the pathologic condition found in the gallbladder and 
surrounding structures If tlic gallbladder is surrounded b) dense ad- 
hesions or there is a large gallstone in the ampulla which distends the 
duct or if the cxstic duct and hepatoduodenal ligament are edemat- 
ous dissection from the fundus down is indicated The technic is rcla 
tnely simple and is performed as follows 

^ ly from the gallblailtlcr with moist laparotom> 

hstended Apply traction to the fundus of the 
placed otcr the aspiration hole Separate ad 
hesions and dissect the fundus and body of the gallbladder from the liver bed 
down to the cystic arrery and duct C3imp cut and doubly Jigarc the duct and 
artery either singly or together with No 1 chromic catgut the distal ligature 
being transfixed to the duct or surrounding tissue to prevent it from slipping (Pip 
132) Then remove the gallbladder The bed of the gallbladder is sutured with 
continuous No 0 plain catgut to control the bleeding and to attempt to prevent 
the formation of adhesions (Pig 133, li) A cigarette drain usually is placed near 
the amputated duct and brought out of the abdominal cavity through a stab 
Wound in the right side (Pig 135) Tlic nbdomcn is closed in layers as will be 
described later 

This method may be quite bloody since blood oozes from the cut 
surfaces of the liver and gallbladder until the cystic arrery is ligated, 
obscuring the operative field 

I rarely employ this procedure although its comparative safety is 
recognized 

6 Removal of the Gallbladtlor from tho Cystic Duct Up —If it is de 
cided to remove the gallbladder from the cystic <luct up, the 
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bladder ina> first have to be aspirated if it is tense or edematous A 
curved forceps is placed over the aspiration hole to prevent leakage of 
infected bile (Fig 131) The forceps is pulled upward and forward 
until the ampulla is exposed and the Iner brought up into the wound 
Next a second curved forceps is placed on the ampulla (Hartmanns 
pouch) (Fig 131) Traction on this will draw the cystic duct to the 
right, almost at a right angle ro the common bile duct Traction will 



tig 132 —Ligation and division of the c>snc duct and artery A Three for 
ccpb applied to c\stic duet B Transfixion of distal ligature on proximal stump 
to present slipping C Cutting duct between tsso distal forceps D Doublv ligated 
\tumps of c)sric ducf and anerj 

ilso stretch the hepatoduodenal ligament The peritoneum and fat ot er 
the ampulh are carefulh incised and the cvstic duct is exposed and 
dissected down to the common duct The hepatoduodenal ligament 
IS carefulK dissected with a small piece of umbilical tape rolled and 
attached to a long forceps The common bile duct is exposed and the 
junction of the cystic duct with the common bile duct and gallblad 
der IS \ lew ed remembering the anomalies of the ducts and arteries m 
this area preaiousU mentioned This drx dissection aaith tape under 



cnoirc^s^nrio\t\ \ni) moucisrosioNn 


223 


direct Msion is is \ilinlile licrc is in blood \csscl surgcrs, vlicrc ir 
uas concened A right-angled gillbiiddcr forceps is then passed into 
Calot’s triangle betas cen the c)stic duct and arters and its |a\ss opened 
for further dissection if neccssara 

7. Ligahon of ihe Cystic Duct — the castic duct is clamped with 
three cuned gallbladder foixeps if the duct is long enough If not 
onK two forceps arc used The duct is cut between the two distil 
forceps (Fig 132) 1 he proximal forceps should he applied suflicicntK 
far from the common duct to allow room for its ligation without en- 
croachment upon the conmion duct The c\ stic duct is ligated around 
the proximal forceps, and then a second tnnsfixmg suture is placed 
near the second forceps with the same suture niatcrtal Four knots arc 
made and the ligatures cut inch from the knot for sccunts A 
ligature is placed around the distal clamp and neck of tlie gallbladder 
to present spillage of hilc, should this distal clamp inuUcrtcntK he 
come released or slip off 

8 Dissechon and Ligafion of the Cystic Artery —1 he remaining fitt\ 
tissue t\ing between the site of the csstic duct ind the !i\er contims 
the Cl Stic ancr\ I his is circfiiH) dissected and the csstic ancr\ ide- 
tiuateh exposed The ostic mcr\ is cl imped with three curved 
arterv forceps, eirc being nken not to include the hcpitic arterv 
Some authorities believe chit imnv of the so called "liver deiths ’ re 
suit from clamping the mam hepatic aricrv or its right branch during 
this stage of the operation The cvstic arterv is cur between the two 
distal forceps and douhlv ligated with chromic No 1 catgiir, the distal 
ligature being transfixed (Fig 132) Four knots arc made, and the 
igature is cut 1 inch from the knot This is better assunnee that the 
igaturc will not loosen or become untied 1 he cvstic arterv is alwavs 
ligated as soon as it is cut and before the gallbladder is reniov cd The 
clamps mav be accidentallv loosened or pulled off, with resulting an- 
noying hemorrhages Should this accident occur or should there be an 
acce&SAts csstic amn presena which was wiTccognwed before c\n- 
I'ng do not trv to stop the hemorrhage b\ hhndlv clamping into the 
doodv field Instead place the index finger of the left hand into the 
oramen of Winslow and compress the hepatic arterv in the hepato 
iiodena! ligament between the forefinger and thumb (Fig 131) This 
^viU stop the active hemorrhage Next sponge or aspirate the blood 
tom the field and when it is dr\ have an assistant readv with a forceps 
o grasp the spurting arterv as soon as pressure is gradually released 
ien ligate the vessel This will prevent damage to the surrounding 
issue The foramen of Winslow is quicklv found since the end of a 
previous!) placed into it after exploration (Fig 
) This maneuver has and will save the surgeon manv anxious 
moments 

and the cystic artery may he clamped together if 
are m immediate proximitv, as thev often are The technic of 
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clamping and ligating is the same as mentioned previously for the 
individual ducts 

It is difficult to separate the neck of the gallbladder from the in 
fundibulum vhen the cystic artery is intact, since the artery crosses 
both of these divisions and fi^es them together However, when the 
cystic artery is divided, these structures are readily freed, and dissec- 
tion from the liver bed is facilitated This freeing of the neck and 



Fig 133 —Removal of the gallbladder from its bed *ud caring for the bed A, 
Sharp and dry dissection is used B Oosure of the gallbladder bed by continuous 
suture No 0 plain catgut 

infundibulum reasonably assures the sui^eon rkat the cystic artery 
has been secured 

9 Removal of the Gallbladder from Hs Bed —The distal forceps at- 
tached to the cystic duct is rotated anteriorly, and gentle traction is 
applied to the forceps attached to the fundus 'ind Hartman’s 
This makes tension on the peritoneal attachment from the gallbladder 
CO the liver (Fig 133, A) An Orr gallbladdef knife, or my modifica 
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tion of the Orr knife (fig 134), is inserted under tlic peritoneum at 
the neck of the gallbladder where the peritoneum was prc\iousl> 
opened The pentoncum is cut first on one side and then on the 
other, and the gallbladder is remoxed from its bed Sometimes a 
scalpel or cuned dissecting scissors has to be used for tins procedure 
uhen the serosa is thickened A liberal amount of gallbladder serosa 
IS left attached to the li\cr to facilitate suturing the resulting raw 
surface This dissection is facilitated in some instances bj injecting 
saline solution under the peritoneum of the gallbladder near its attach 
ment to the liver 

10 Caring for fhe Gallbladder Bed — An\ bleeding other than sim 
pie oozing should be thorotighU controlled Pressure with a hot, moist 



1 Orrs gallbladder 1 nife Bottom, authors modification of Orrs 

blunt end similar tf> one blade of dressing scissors has been 
^ ^ These knives facilitate the dissection of the gallbladder from its bed 

laparotomy pad m the gallbladder bed will usually control the oozing 
not a strip of muscle from the rectus abdominis muscle may be 
P aced in the bleeding area to aid m controlling the bleeding The 
wo serosal flaps left at the sides of the fascia are usually sutured A 
continuous suture of plain No 0 catgut is used, beginning at the lower 
ending at the upper margin of the Jiver 
133, B) This closure prevents bleeding from the serosa! flap and 
bed preventing the formation of adhesions to the gallbladder 

and fascial edges fold together and approximate the flaps 

no bleeding suturing of the bed is unnecessary 
rhrn u ^ Drams —A cigarette drain is usually brought our 

ng a stab wound m the right flank beloxv the tip of the eleventh 
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nb (Fig 135 ) It IS phced in the Mcinits of the foramen of Winslon 
and the severed cvstic duct The dram is advanced dailv and removed 
on the third postoperative dav T never dram through the incision 
if It cm he avoided, since this tends to weaken the abdominal wall 
vnd IS a predisposing factor m postoperative incisional hernia Occa 
sionallv when the gallbladder has been dissected easih with little 
lilceding and the field is exceedingly drv , the incision mav be closed 
without drainage When m doubt it is best to dram 

12 Closure of the Abdominal Wall —A McNcalj rubber lap pad of 
medium site is placed m the wound This protects the viscera and aids 



fig 135— Dram inserted through st»l> wound in right side Drams inserted 
diruugh the abdominal incision are avoided if possible since the> mav lead to 
tbe much dreaded postoperative incisional licmn 

m closure of the abdominal incision It is removed through a small 
opening at the lower end of the incision jiist before the peritoneum 
vs closed The petvwweuvn and crawsveesaUs faseva ace closed with a 
double continuous locked chromic No 0 catgut suture beginning at 
the upper end The mscriptio tendmeae of the rectus abdominis mus 
cle are sutured to the midlme with plim No 0 catgut and the muscle 
returned to its normal position The fascia is closed with a double 
continuous locked chromic No 1 catgut suture and the suture is cur 
rather long to prevent slipping Several ndditionil interrupted sutures 
are tal en m the fascia if earlj ambulation is anticipated The subcuta 
neous fit IS approvimited bv several interrupted pliin catgut sutures 
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In \er> obese patients three interrupted silkworm sutures arc used to 
obliterate the dead spaces md to rclic\c the tension on the skm inci- 
sion The skin is approvuintcd b\ a continuous locked suture of 
medium sired dcmnl 


POSTOPERATIVE CARE 

The following routine postopcratix c orders for cliolec\ stectom\ 
ha\e been used and found sitisfactor\ 

1 Pantopon pmn f«>r pam (if prevent) eicr> three hour* for fort> -eight 
houn 

2 \othinc h% mouth fortaventj four hours 

J File per cent glucose 1000 cc m saline intrwenousi} imnicdiatcla after sur 
{rer> to run at (fi drops per minute and containing one ampule S< !u Tl and one 
an pule Cxialm Repeat the follow mg mottimp 

4 Fnc per cent plucmc HKXl cc in distilled water on the afternoon of sur 
gcr\ to be finished h\ 9 pm Repeat the follow tnt. afternoon 

5 Take the hlood pressurs c\cf\ two hours for the first ci^ht hours and 
three times a da> until it is stable 

6 In case of shock gne (j) pIjMiu 250 or 500 cc, as fast is possible ib) 
adrenal conical extract (Upjolin) I cc e\cr\ three hours until blool pressure 
IS stable 

In case <f bleeding guc Ssnkamin (\itamm K) one ampule Repeat in 
lour hours 

S \\angenstcen suction if emesis and distention occur 

9 Ox>gcn 4 liters per minute if ncccssan for marked abdominal distention 

•0 Rectal tube if ncccssars for gaseous distress or distention 

II Prostigminc I 4000 one lialf impulc csen four hours for four docs if 
needed on second or third das for gaseous distress ind distention or tinnar) re 

tention 

I’ Hasc the patient take deep breaths and iiiosc his legs fifteen minutes out 
01 each postanesthetic wakinc h« ur while confined to bed This is a prophv lactic 
measure against atelectasis of the lung or phlehothrombosis m the extremities 

13 Sips of Warm tea or water aRer first twents four hours if tolerated In 
crease fluid intake orall) as tolerated 

14 Soft diet on third postoperative daj 

15 Oil retention enema on third postoperative night Water flushing on the 
ounh postoperative morning 

16 Advance dram if anj dailv until conipJetcl> removed on the third or 
tounh postoperative da> 

17 Remove sutures on tenth postoperative dav Place tape bridges over wound 
and firmi) taped dressings 

18 Scultetus bandage on eatb aiTvhulatot> patvents 

TECHNIC OF CHOLECYSTOSTOMY 

^ As previousU stated, cholecj stostoni\ still has its place in gallblad 
er surgen The indications have prc\ mush been given The technic 
>s as follows 

J The position on the table and the incision are the same as for 
‘-holecj stectomv 

anesthetic is hkew ise the same except for extremel) ill bed 
cn Or old patients I ocal mfiltrition of novocnine is used to block 
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the field This may have to be supplemented by sodium pentothal or 
gas 

3 Explore the extrahepatic biliary passages, gallbladder and abdo 
men if the gallbladder is not acutely inflamed, edematous, or walled 
off by fresh fibnnopurulent adhesions If the abo\ e pathologic changes 
are present, it is better not to attempt to break up natures way of 
walling off the infected gallbladder 

4 The edges of the wound and the region around the gallbladder 
should be w ailed off by moist laparotomy pads These pads will col 
lect the highly infectious bile which may be spilled 

5 Two Allis forceps are applied to the fundus % inch apart and 
a trocar introduced between the forceps The fluid contents of the 
gallbladder are aspirated 

6 The trocar opening is enlarged with scissors, and the edges arc 
grasped with three Allis forceps which are placed equidistant apart 

7 Remove stones if present with a gallstone forceps or scoop 
Cleanse the cavity with a piece of dry gauze, since small calculi may 
become enmeshed in this gauze Insert a finger in the gallbladder to 
make sure that no stones are left in the ampulla and c>stic duct If 
any are detected the index finger of the left hand is placed under the 
cystic duct and the neck of the gallbbdder and the stones dislodged 
into the lumen of the gallbladder and removed 

8 A rubber drainage tube 14 mch m diameter and 6 to 8 inches 
long is inserted into the gallbladder as far as it will go and then 
brought out two thirds of this distance This will prevent pressure 
necrosis by the tube at the neck when the gallbladder xs inverted 

A continuous Lembert stitch of No 0 plain catgut encircles the 
opemng m the gallbladder All the layers of the gallbladder are in 
eluded and the rubber tube is secured at tvvo points opposite each 
other The tube is firml> anchored and the opening m the gallbladder 
closed by this stitch 

A purse string suture of No I chromic catgut is next placed around 
the tube about % inch below the previous one The gallbladder is 
inverted by this stitch Occasionally a second purse string suture is 
inserted for further invagination The fundus of the gallbladder should 
not be sutured to the antenor abdominal wall 

9 The tube is usually brought out through the abdominal wall in 
cision or tbrougb a stab wound in the ngbt side Usually no abdomiml 
dram is necessary If drainage is necessary, a stab w ound on the side 
as described under cholecystectomy is advisable (Fig 135) 

10 The abdominal wall is closed as described above The post 
operative care xs the same as for cholecystectomy 

SUMMARY AND CONCLUSIONS 

1 Important anomalies of the gallbladder, extrahepatic ducts and 
arteries are described 
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2 Sonic indications and contmindications for cholecystectomy and 
choice) stostom) are gi\ en. 

3 A routine of preopcrati\ e and postopcntix e tare is outlined 

4 The tcchnic of dr> dissection of the ducts b) a small piece of 
umbilical tape clamped to a forceps is described 

5 Earl\ cutting and ligation of the c)stic arterj' simplifies the free- 
ing of the neck of the gallbladder and infundibulum 

6 The author’s modification of the Orr gallbladder knife is used 
in freeing the peritoneum around the gallbladder bed 

7 The use of muscle in stopping oo7ing from the gallbladder bed 
IS mentioned 

8 The importance of stab wound drainage a\\a\ from the abdom- 
inal incision IS emphasized 

9 The judicious use of curare (Intocostrin, Squibb) is mentioned 
when better relaxation is needed Curare is used for complete muscular 
relaxation 
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TREATMENT OF FRACTURES OF THE HIP, 
SURGICAL TECHNIC 


Kelz-ik g Spfeu, ftl D , F a C S * 

This clinic deals with technical procedure m the treatment of frac- 
tures of the hip The anatomy of the hip area tiiH nor be cmercd, 
but these important characteristics should be remembered the angle 
of the necL of the femur with the trochanteric portion normally IJO 
degrees, the angulation upward of 15 to 20 degrees of the neck into the 
head to meet the acetabnlum, the magnificentlj arranged crescentic 
bonv lamellae in the neck and head of the femur for the safe transmis- 
sion of w eight bearing, the pro\ ision of blood suppK to the neck and 
head from periosteal and nutrient tessels, the inconstant and relativeh 
smaller blood suppK \ la the ligimentum teres, the inclination of the 
acetabular caMtv slightly forward and outward, its depth, the charac- 
ter of Its margins, the insertion of the strong capsular ligament of the 
hip joint into the mtetcrochantenc line anteriorly and the neck at a 
higher level posteriorly, md the support and influence of the ilio 
femoral ligament i\ ligament) m mimpulanon and as retention aid 
afrer reduction of fracture at the neck of the femur The strong osse 
ous bar, the calcar femorale. extending from the head down into the 
trochanteric portion of the hone where it spreads out to take base 
should not be forgotten because restoration of its axis and aid of its 
regenerated supporting hmellae are of great influence m the technic 
of repair of fracture and msurmce of its stabilii\ 

OPERATIVE TREATMENT FOR RECENT FRACTURES AT THE NECK OF 
THE FEMUR 

Whether the fracture is subcapital or near the base of the neck 
slightU comminuted or 'iceompamed by partial luxation of the head 
or b\ fracture of the lip of the ncctnbulum manipulatu e reduction and 
restoration of contact between rbe fracture surface of the head and 
neck fragments preferabU should be obtained with a slight position 
of coxa \ alga to insure pressure impaction and ultimate reestablishment 
of trabecular lines The position of reduction must he confirmed b) 
roentgenograms of the hip, both anteroposterior and lateral 

Operation to secure the reduction, which has been confirmed by 
roentgenological examination in n\o axes, is best performed on a frac- 

From the Surgical Department of the Fresh) tenan Hospital and the Unner 
sit) of Illinois College of Medicine Chicago 

• Professor of Surger) , Umsersit) of lUinniN College of Medicine (Rush). At 
tending Surgeon Presb)teritn Hospital 
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turc tabic w nh suml^lc pcl\ il rest nnd pm to bold ag-wnst the perm- 
euni The leg Inrs and foot ntnchnlcnt^ arc required to hold the re 
duced fracture inechanicall) \\ tthout further attention b\ tlic surgeon, 
^\ ho nia\ rel\ on his oa\ n reduction and fixation on the table, how c\ er 
obtained c\en at tunes with the help of skeletal traction and support 
through the lower end of the femur, the crest of the tibia or the 
calcaneus 

The liest operatne technic docs not dwa\s produce a bon\ union 
of the neck of the fenuir capable of hcanntr the w eight of tiie bod\ 
md of functioning with reasonable success The operation leads in 
some instances to aseptic necrosis of the head of the fenuir with break- 
ing down and flattening of cartilauc and hone, loss of joint space with 
pain m the hip and finalU lack of inoscmcnt 1 here iut\ he errors of 
omission or conmussion in the operation 
Errors of Omission— 1 Incomplete prcpantion of a sterile operating 
field with resulting wound infection 
2 Failure of roentgenologic control dunni; tiie process and at the 
end of fixation The lateral mcw is patticuhrU ncccssar) to he svirc 
that the head of the fctiuir rides in proper position on the neck If 
the head of the femur is not properK placed the following nm 
result 

a Insufficient penetration into the head of the femur l)\ the fixi 
tion agent because it is to<i short or incompletcK inserted 
b Too deep a penetration extending into the acetabulum This 
max lead to separation at the fracture plane 
e Rotation of head fragment during insertion of fixation after m 
secure reduction or improper angle of insertion This will lead 
to loss of contact of fracture surfaces 


3 Improper postoperative fixation and care to avoid stress on the 
fixation This max lead to disjunction 

Errors of Commission —1 Incomplete reduction of the fracture Uc 
member the advantage of a slight coxa \a!ga 

2 Improper angle of insertion of fixation agent because of igno- 
rance or disregard of anatonax 

3 Lack of immediate checking roentgenological control The oper- 
ator max he too hurried or oxerconfident Don r put off the check up 
for several daxs 


Lack of aseptic technic and unskilled operating depending too 
much on mechanical pointers or indicators 

nsuflacient support of the leg after operation bx w hatex er means 
tne patient requires 

Th Unguarded motion cspcciallx abduction of the leg 

1 ( u be familiar w ith the angle of the neck and the dehcaev 

'>f bandhngafine adjustment 

00 earlx xx eight bearing putting too much faith m the fixation 


TREATMENT OF FRACTURES OF THE HIP, 
SURGICAL TECHNIC 

Kelloc c Speed, M D , F A C S * 

This clinic deals uith technical procedure m the treatment of frac 
tures of the hip The anatomv of the hip area will not be cotered, 
but these important characteristics should be remembered the angle 
of the neck of the femur with the trochanteric portion normall) 130 
degrees, the angulation upw ard of 1 5 to 20 degrees of the neck into the 
head to meet the acetabulum, the magnificentlj arranged crescentic 
bon> lamellae in the neck and head of the femur for the safe transmis 
sion of eight bearing, the pro\ ision of blood suppl> to the neck and 
head from periosteal and nutrient vessels the inconstant and relatueh 
smaller blood supplv \ la the ligamentum teres, the inclination of the 
acetabular caMt\ slightl) forward and outward, its depth the charac 
ter of Its margins, the insertion of the strong capsular ligament of the 
bip )oim into the intertrochanteric Ime anteriorl> and the neck at a 
higher le\cl posteriorly, and the support and influence of the ilio 
femoral ligament (k ligament) in manipulation and as retention aid 
after reduction of fneture at the neck of the femur The strong osse* 
ous bar the calcar femonic extending from the head down into the 
trochanteric portion of the bone where it spreads out to take base 
should not be forgotten because restoration of its axis and aid of its 
regenerated supporting lamellae are of great influence in the technic 
of repair of fracture and msunnee of its snhilit\ 

OPERATIVE TREATMENT FOR RECENT FRACTURES AT THE NECK OF 
THE FEMUR 

Whether the fracture is subcjpital or near the base of the neck 
slightU comminuted or accompanied b\ partial luxation of the head 
or b\ fracture of the hp of the icctabuluni manipulative reduction and 
restoration of contact benveen the fracture surface of the head and 
neck fragments preferabh should be obtained with a slight position 
of coxa valga to insure pressure impaction and ultimate reestablishment 
of trabecular lines The position of reduction must be confirmed b> 
roentgenograms of the hip, both anteroposterior and lateral 

Operation to secure the reduction, which has been confirmed b\ 
roentgenological examination m two axes is best performed on a frac 

From ihc Surgical Department tf the PrC5h)tcrnn Hospital arul the Uni'ft 
sity of Illinois College «)f Medicine Chicago 

• Professor of Surger> University of Illinois College of Medicine (Rush) At 
tending Surgeon Preshvtcnin Hospital 
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the angle or declimtion of tlic neck of the femur, 15 to 20 degrees 
forward, the^ gj\c an almost complete gindc for internal fixation 
Other mechanical pointer ind director dcs ices arc numerous Some 
of them arc cumbersome and expensne and may endanger the asepsis 
of the operation I c\\ experienced operators use them After mucli 
experience a surgeon ma\ select his dctcnnimng points bj surface 
anatomical landmarks but no matter xxhat bis experience max be, he 



Fig 136— Method of pmninc fracture of the neck of tlic femur b\ the open 
method The large mcision which exposes the hip joint widclj is illustrated in 
the Upper corner The capsule has been split open sMdel>, the pm entered at a 
point well below the greater trochanter Bj rotation of the leg the exact point 
of exit of pnv fsotw vVit XTochaWtttxc {sagwvcnx and \wx«wx\tx\ tTitiwcc mxo x\xc 
mp maj be Mbualized This requires e\tcnsi\e dissection and may not be required 
roentgenologic control is axailable This nail would be better placed at 
the lower corner of the fracture just along the inferior border of the neck to con 
orm with the normal arrangement of the strongest bon> lamellae (From the 
ph on Fractures and Dislocations 4th ed Lea & Febiger Philadel 

should nexer neglect roentgenological control before final insertion 
ot the fixation 

So called ‘ blind nailing may be successfully done on occasion, but 
st^ come XX hen the operator xvill make a major error The 

s eps described xxith simple markers are obscure enough, and they 
0 not rest completely on a mechanical pointer or range finder The 
^osc important step is the assured penetration of the properly re- 
iiced head as seen in the lateral view of the hip 
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The InciJion -This dqwnds on the t\ pe of fixation to 1)C used the 
devrentv of the operator ind his ahilit\ to rcli on roentgenology help 
for confirmation of the correct ingle jm! position of the fivaaon agent 
uithoiir hning to see the neck ind head of the femur or the fixation 
as It passes the fracture plane (fig l?d) 

A tomplecc exposure of the fup area requires m intjsjon from the 
anterior superior spine of the ilium doun and outuard to the tip of 
the trochanter of the femur and then curted or angled doun the long 
axis of the shaft of the femur for 4 mchcs or wore This long mcism 


Fig 1J7 Fig H’? 

fy n -\n Jpparciulj cxtellcm reduction of fracture of neck of feniur 
»vith jsfod ipnisinon of fragniems held b> Smith Petersen njil Proper pourion 
)f head of femur cciiiftrmetl bt hrcral < ra) No mfettion Head sullc Tl« 
u){,tc of (Ills nail is n ic suHicienth obli<iuc 

fit. ns bamt hip sis nmmhs fatcr Tlic nail holds into head No union ar 
iieel. uirli nse of troslumtr and shortening No infection The licid is nou dead 
1 lie fault m cli s mscanic mi) be the incyiiiplctel> oblique anf,lc of instn'on of 
the nil! plus ttK> carls sseight bcanog rcKmg on the pm for support and not 
u aitmg for Arm iasCinf, faons union Pm and head ere rcmoi ctl hi the iurfcon 
on atcouiK of severe pain (Both illustrations from the authors restiooV fit 
Incrures and Dislotations 4th ed Lea & rebi(.cr Philadelphia) 

exposes maos bleedtng points As the fascia and muscles beneath arc 
cut through and reflected from the anterior surface of the neck and 
the trochanteric portion of the femur, much more bleeding is encoun 
tered requiring ligation and dela\ until the neck of the bone and h'P 
pint capsule max be xisuahxed 

This exposure of the )omt capsule is seldom uarnnred in recent 
fracture It max he necessarj with dislocation or subluxation of the 
head xvhere replacement of the head or fixation of a fragment of the 
broken acetabiiluin becomes an integni part of the opention to mam 
tain reduction 
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The hip joint cipsulc wlicn exposed iins l)c split longituclinilU md 
the fneture phne brought into \ic\\ These opcrttions qlniost iiniri- 
nhh require vholc blood transfusions while tlic patient is on the table 
A nniU nicision is usimllv sufficunt, starting just below the tip of 
the trochanter of the femur, pjssintr down on the long axis of the 
shaft near its posterior nnrgin usuills parallel to the surface of the 
table, about 3 or 4 inches long If the patient is not obese b\ splitting 
the fascia lata there is onl) a thin lax cr of muscle to separate in the 
same axis before the upper end of tlie shaft of the femur is in clear 
Mtw The opening, after ncccssarx ligation of likcdmg points is 
genth retracted up and dow n The operator palpates or dctennincs hx 



f'lg 1J9 Pneture of neck of femur in i 74 >cnr old x\om3n I cp rotated out 
x^ard 


ee ing x\ith i sterile instrument a point about 2 inches below the tip 
^ Th posterior aspect of the shaft 

ne point of entrance of the fixation agent emploxcd must be at 
greatest oblique angle of the reduced fracture of the neck of the 
emur along the underside of the neck xxithout damaging the cortex 
to helow It w ell into the head fragment This angle conforms 

ne I arrannenient of the supporting trabeculae of the 

im function of support xx ith <t naturalness nhich 

loiis rfrew, pressure or cutting into the soft cancel- 

tinn 3ngle max promote healing xxithout migra- 

chi r* fi’^atinn agent m anx direction Fixation through the tro 
S' cl? 1*^ ^ '^‘Sht anijle or less into the head docs not coapt fragments 

•xation thus applied muse tal c up the stress of mox cment dur 
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mg bone healing, and the agent ma> imgcate m response to the suess 
of the angulation of the fracture plane or develop a tendency to cut 
mro the bone bj pressure and thus loosen the holding contact (Fig 
i38) After i ^0 mch drill bote is made obhqyelj into the point of 
entrance, a dull-pomted Kmchner wire or very narrow Sreinmarw 
pm. over which the fitation may fit, ts inserted slowly by drill or 
hammer v^ hile the operator gets the ‘YccI" of the penetration When 



tiff 140 Fiff Ml 

Fj^ J40-Sjme fracture shown tn Fiffurc )39, reduced b> mampuhnon 'wh 
slight coica valga, position of head confirmed by lateral film, patient l>ing fivtd 
Oft liactvire table with skeletal support through calcaneus On the surgicallv pre 
pated skin of the hip base been sessn parallel to each other, the two on stops 
with perforated digits The small holes at the ends of the scrip are for fiwtion 
scirwre to skin The x ra> filni indicarcs che ehixcnon required fij die ^tar/oa 
agent to pass through the lossir aogle of rfje fracture near the cortet of the 
neck on into the head One may select in this instance from No 4 to No 4 
or ?so 4 to No S, Of No f to No S One Attyore pm al/eadj partly mserteil 
a second one started 

Fig I4I — TJiree pms now tnsened Ready for removal of the tin guide strip* 
snipping anas sutures holding them to skin 


he reaches the fracture pbne, this “feel” will change— there wdl be 
less resistance Before proceeding to further penetration an \ ray 
must be obtained m two planes, anteroposterior and lateral, to be cer 
tain that the head is about to be entered at the suitable point If the 
axis of this "feeler wire” is nor sjtisfjctory it xs easily u/rhdrawn ana 
reinserted, to be checked again b> vniy 
The operator has prepared the fixation agent he prefers or is b«t 
qualified to use Let us saj he has tno sizes of Smith-Petersen three 
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flanged nails or a set of Moores pms of % arsing lengths mHicH nia\ 
he cut off after insertion at lesels required If the Smith Petersen nail 
IS used It requires n siiitihle opening in the outer tortes of the femur 
near the posterior aspect imniediaceh around the entrance of the 
Kirschner uire or the direction pm emplosed I his opening mas he 
made accurately through the cortex with i sinrp small gauge anil 
mallet A little more delicate and iccuratc opening alua>s m the axis 
of the determining wire, nn> be nude by machining with n cannu 
lated Aleekison facer, but this is not alsyn^s ayaihble The nail is then 

Fir 146 Fir 147 

IiR 146— Fracture of neck of femur s1irI«(1> comminuted m a woman o\ef 
70 >cars of ape Usual displacement Faticm had gone untreated for scieral weeks 
Fig 147— After reduction of neck of femur with fixation on ttble this an 
teroposterii r s lew show s the amount of con mmution of the neck and tlie lateral 
skin marker yyith nso MiKire pins parti) inserted The lower pin must be with 
drawn as it will fail to enter the head l>ing below the inferior border <f the 
neck Proximal marker d >es not sh< >x ut this film 

dm en in oy er or parallel to the guide xy ire and the surgeon nonces 
the increased resistance as it crosses the fracture plane into the bone 
of the head It is not drnen to final position until the roentgenolocical 
film certifies as to depth of penetration into the head and the angle 
of the head on the neck The omission of this step leads to most of 
the failures of operatiye fixation One of the most important prccau 
tions IS a careful asepsis and nontouch technic with all materials xybicb 
penetrate the xyound and especially the bone 
If Moore s pins are used three or more max be entered parallel to 
the pnniarx guide xxire Sometimes they are used in groups of t«o 
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each, one at the loucr nnrgm of the neck cortex, tlic other near ilic 
upper margin 

Autogenous hone transplants ina\ he used in recent fracture. lhc\ 
add nothing, hos\c\cr, to the fixation or tlic cerraints of the bon\ 
union to follow, which depends on correct reduction, apposition and 
protection to insure a returning and lasting hlood suppls Obtaining 
the transplant requires much extra time, more surgical apparatus and 
usualU an extra surgical team for that purpose alone 



Fip 148 Fip 149 


I ip 148 —I iral arranpeniein after insertion of three Moore pms the loop enJs 
•> sxhich ma> be cut nff This position of reduction was confirmed b> lateral 
toertpenogram 

f-ig I49-S2nic hip as Figure 148 sc\cn months later after another fall The 
l^tient had been at hnme but not licanng anj weight on this leg, using crutches 
c sccoi^fall had broUen nso pins one still held Bonj union had been pro- 
rcssing There was immediate ptm after scctmd fall and loss of power to mo\c 
hnib as slu had been di.ing 

The mil or pms should not he hxed to the cortex of the femur lest 
ctrutKm or nugntion occur Moores pins do not require wiring to 
th^ 1^'' firmness w ithout undue pressure of the fixation agent in 
e o\\ cortical margin of the neck insures its stabihn and a minimum 
^^lount of local bone necrosis from pressure When the fixation nail 
lucnts at the external cortical margin, separation of frag- 

n s at the fracture plane mix result if an\ subsequent bone soften- 
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mg ensues during the fracture repair Various forms of lag screws 
and nails which are designed to pull the head down onto the neck 
may obviate this separation If the Moore pins are too long and pro 
)ect unduly they can be cut off at a level distal to the fixation nut 
which lies m apposition with the edge of the femur 
The operative wound is closed by interrupted buried sutures of 
catgut or silk in the fascia and a similar stitch of black waxed silk in 
the skin A small dressing held by adhesive tape to exclude the area 
from local contamination is applied 



Fig 150— Lateral view of hip shown m Figure 149 The evidence of the pro 
grossing bony union and the two broLen pins are evident Further operative 
effort was refused The patient went onto final bony union with a coxa vara and 
leg shortening 

Postoperahve Care —A Thomas leg splint is apphed to some pa 
tients to cradle the leg with the knee slight!) flexed suspended or 
supported enough to be of help in the use of the bed pan, to avoid 
my rough handling m nursing care and to give the patient a feeling 
of security No traction on the leg or splint is needed This splint n 
left on for a varying period of time up to one week The patient is 
encouraged to move about in bed and to sit up when eating 
After removal of the splint, the patient is turned onto his face tv'icc 
every twenty four hours for varying penods A pillow support is used 
beneath the leg from knee to ankle and he may be lifted at once into 
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F g isi -Fracture of neeV of femur patient on fracture table but ith incom 
plctc reJucuon Patients arteries \cr> sclerotic Tlic upper pm starting at digit 
has to be withdrawn Lateral mcw showed pood replacement of head 

'“Anteroposterior \icw of hip in fipurc 151 taken ten d3>s after op 
cration This shows a still incomplete reduction in this plane A final bon> union 
' as secured after long deferred weight hearing in spite of this incxcmablj poor 
re iction Proper reduction is the most imjottinr preliminar> step 
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a chair with a raised foot piece and maj exercise the knee No hip 
movements, especiall} flexion or abduction are allowed Actnemus 
cle setting of the thigh muscles bx the patient should be encouraged 
Within two weeks the patient ma\ stand on his good leg Sometimes 
an extension sole is applied to the shoe of this good leg, and the use 
of crutches is taught A roentgenologic examination should be made 
m two planes after the first and third weeks No weight bearing on 
the nailed hip should be permitted until there is evidence of bon> 
union and reestablishment of bony trabeculae across the fracture plane 
This ma> take five or six months 

Ivtertrochantenc fracture does not require this internal fixation For 
the most part this fracture ma> be treated bv Russell traction with an 
effort at slight abduction and a push support on the bed under the 
w ell foot The foot of the bed is elevated 6 to 8 inches Some patients 
do better with reduction and bod) plaster of pans encasement The 
Russell traction permits great freedom of motion of all the joints and 
generally pulls the fracture into complete reduction m four or fi\e 
days Seven pounds weight on the traction usually suffices (Fig 158) 

The long pointed or split end of the trochanteric fragment of the 
femur in this fracture is thin and does not tolerate mechanical internal 
fixation w ell, nor w ill it hold against the stress of too early mov ement 
An equal or better result from nonoperaiive treatment follows Avith 
out the difficulties and risks of operation There is ample blood sup 
ply and a large area of cancellous bone is exposed to induce callus 
formation and to afford e\ cry expectancy of union As much nio\ c 
menc and exercise of the patient can be obtained in Russell traction as 
by any other type of treatment 

OPERATION FOR DELAYED UNION OR NONUNION OF FRACTURE AT THE 
NECK OF THE FEMUR 

Operation is indicated to alleviate pain, to attempt to restore bom 
union and consequenih weight bearing and ambulation following lack 
of early diagnosis or efficient treatment to hold a proper reduction of 
the fracture of the neck of the femur confirmed by \ rax film made 
m two planes Ihe percentage of such instances after fracture of the 
neck of the femur still remains surprisingly high It will not be less 
cned until there is a higher grade of primary diagnosis and treatment 
of the fresh fracture 

A certain percentage of patients with nonunion who irc seen within 
a y ear after fracture may be impossible surgical risks, but that proper 
tion IS dimimshing rapidh If a traction or plaster dressing has been 
applied. It muse be remoxed to determine the condition of the skin 
over the fractured hip region No operation may be attempted xxith 
open decubitus ulcers or local skin infections Roentgenologic exam 
ination m txvo planes is required for the purpose of determining the 
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exact amount of absorption of the neck, the rise or rotation foruaril 
of the trochanteric fratjment tlic rotation of tlic head and its state of 
\iabiht\ as determined bx its dcnsitx m comparison with tlie sur 
rounding osseous stnictures If the head is complctelx deid with 
greatU increased densitx , an attempt to restore lionx union ma> not 
beatUisililc Complete remox al of the head folloxxcdlix i rcconstnu. 
tion of the hip or an ankxlosis if the patients age and condition w ir 



Tig 154 np 155 

“Roentgenogram of autops> specimen reentered after pinning opera 
tion Much of the neck had absorbed in tins ununitcd fracture No infection 
c pins xvcrc well placed The projection of the pin point was not great enough 
to enter acetabular surface 

ig 155— Photograph of the specimen desenbed in Figure 154 The projection 
0 nail point is enhanced b) loss of part of head in remox al of specimen The 
apposition of fragments position of head and angle of nail insertion were all 
cceptable This is the t>pc of reduction fixation which should be sought m 
eiy instance (Both illustrations from the authors textbook on Fractures and 
socations 4th ed Lea & Febtger Philadelphia) 

rant, ma) be the best procedure Union to a dead bone may be ob- 
aincd, but the reconstruction of the head by nexv bone formation 
^ period of time before xx eight bearing miy be per- 
^bc aged this process may not be xvorth the 

eff ^ attempt at union is settled upon manipulation of the hip to 
Son^^ performed The patient lies on the fracture table 

le traction on the injured leg max be required to hold the rediic 
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non I frequently use skeletal traction by means of a Stewtnatm pm 
through the calcaneus, firmly fixed to the foot piece of the table by 
strong wire attachments Hie foot piece, still fixed to the patients 
font, may be remosed from the table for extensive mampubnons, i/id 



Fig 156 Fig 157 

Fig 156 — Sccuon o{ spectmca recovered after infected operative sitempt w 
nad fractured neck of femur Tfie lyuc eJfcct of the infection on the head fra? 
meac, the old dead portion tiwcrosis) of the head and the general invasion of 
the sepsis into hip joint structorcs can be seen Track of the fieation agent not 
seen 

Fig 157 —Specimen recovered nine months after infected fixation of hip frac 
tore was aneitipted in Palestine 7116 $mtdt Petersen nail was copied hut its m 
scraoti never touched the head Resulting sepsis spreading through pelvis mco 
opposite hip joint lead to death Head owipletefj dead Absolutely no effort t> 
bony union 

the degree of inward rotation of the foot cart be accurately .mam 
tamed 

Although It may be possible obtain bony onion after these non 
unions by careful apposition wth nailii^ or introduction of a bene 
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transplant, the percentage of successful results is not high. The aim 
of these attempts is to restore the normal anatomical angle of the neck 
of the femur, and in so doing the attempted union is often subjected 
to prolonged and often harmful stresses from the oBliquitj* of the 
fracture plane. Union -will not follow, for the normal weight-bearing 
stresses are not met in the mechanical readjustment. Some coxa xara 
results, with pain and frequently subsequent loss of bony support and 



Hg. ISS Fig 159. 


158— Example of the ordiruo immrochanteric fracrore of the fetrmr 
with*nDp3ction of head into trochanteric portion to which I called attention 
over thi^ years ago. Note the tfmt. sharp fragment edge of the daphj seal por- 
tion of the bone. This does not hold metilhc fixation agents uell. 

Fig 159— Same hip as Figure 158 foar later after patient (87 >eafs old) 
hid been pox ia Rossetl tsicdo-x. Complete tedecuon— freedom of leg mowon 
without disturbing fedocnon. Complete recover>' in seven and ore-half weeks. 
MTiy ever operate upon such a fracture- 

hip joint changes. The time and immobilization required for these at- 
tempts make the effort prolonged, expensive and unfavorable ftir 
elderly patients. 

Subfrochanferic Osfeofemy.— This operation has much to offer pa- 
tients with unnnited fractures. It may be quickly performed and the 
subsequent splint confinement is not too long. 

TeciwV.— Manipulative reduction is performed as for fresh frac- 
ture, The position of the fracture is checked by roentgenogram. The 
patient is placed on the fracture table wdth the legs moderate 
abduction, employing skeletal traction on the heel of'the injured let: 
if needed- A small incision 45'2 inches long on the lateral surface of 
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the thigh IS made as for the nailing of fresh fracture, and the femur 
IS exposed as for fresh fracture TTie prominent point of the greater 
trochanter is identified and a second point selected on the shaft about 
2 inches below this Here a small steel pm is drnen into the cortex 
ai a viarker An anteroposterior film is made, and the point of 
insertion of this marker is determined in relationship to the neck of 
the femur and the lesser trochanter, at about which level the pin 
should he A high and slightly oblique upward transverse osteotomy 
of the shaft of the femur is then perfonned witli a broad chisel and 
hea\ > hammer 



Fig 16U -Schenutic outhne of Pauuels method of cunetfonn osieutom) to 
overcome ununued fracture neck of the femur Note the normal weight bearing 
line from pelvis down neck of femur— passing along the strong trabeculae of the 
calcar fcmoralc and close along the lower margin of the neck, where supporing 
pins nails or screws should be implanted After ununued fracture of the neck 
this line of weight bearing falk joside the upper part of the femur The bone 
cannot unite and meet the demands of weight bearing Pauwel used two pins as 
shown inserted into the femur cut out a wedge shaped piece of the bone be 
tween them brought the pins forcibly together and thus brought the line AB 
representing weight transmission back through the femur again Not only does 
the osteotomy heal promptly but the unuruted fracture of the neck restored to 
physiologic conditions and mechanics becomes bonily united This is the basic 
reason for use of modem subtrochamcnc osteotomy (HiUebrand Bruns, Beitr 
X khn Owr 157 281 fMatchl 19J5) 

When the bone ii. cut throngh, the shaft usually tends to fall i" 
vv ard tow ards the pelvis, and the greater trochanter nia> rotate slight l\ 
outward There is no interference with the muscle attachments to the 
great trochanteric area If the shaft does not fall m easil), it is pushed 
cither b\ a blunt instrument in the wound or pressure on the th't-’h 
l)> the surgeon When well displaced inward, the foot of the broken 
limb IS inspected to make sure that the great roe points straight up 
or IS not externall) rotvtcd more than 5 degrees The 1 nee is then 
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supported adcquitclN b\ slings o\cr pids m the popliteal area to an 
oxerhcid bir to issurc this position of inward disphcenicnt of the 
thigh and the stmclit up foot 



I ig 161 —King s idea nf the ostcotomv for ununitcd fracture Rune transplant 
insened into head high trochanteric ostcoiom> The hone transplant is reallj not 
nee led anil (King, Rnr J Surp 26n\ tApnU >939 ) 

To maintain this position an angled plate ma\ be fastened to the 
end of a Smith Petersen nail which is drnen up into the head of the 
femur as m fresh fracture The shaft portion plate attachment is fast- 
«cd b> sex era! screws to the lateral surface of the shaft of the bone 
this takes some time and requires at least one additional set of roent 
venograms 



b\ h splints are not essential When the operator is assured 

sh-ifr*^ \ision and b\ an anteroposterior roentgenogram that the 
and ° n ^ shoved dircctlv under the head fragment 

h\<>r^ niaintammg contact xsith it he maj close the wound in 
s app \ a small dressing and appU a plaster of pans body spica 
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around the pelvis down the well thigh to the knee and down the frac- 
tured limb to the base of the toes, enclosing the Steinmann pm, if 
used, m the heel or tibia for maintenance of position 

The plaster is properly trimmed around the genitals and buttocks 
The patient may be turned safely in bed twice a day into a prone 
position, may partly sit up to eat, may move the unenclosed leg vig 
orously while lying prone and maj be placed on a cart for outdoor 
sunshine exposure or transportation 

Bony union practically always follows not only at the site of osteot 
omy, but also through the ununited neck of the femur After eight 
weeks x-ray examination shows the progress, the plaster and nail m the 
heel are removed and the thigh and knee are gently massaged Active 
movements are encouraged Within seven to ten days the patient is 
able to sit on the edge of the bed and to start using crutches, not yet 
bearing weight on the operated-upon hip The weight bearing follows 
two or three weeks after roentgenologic confirmation of progressing 
bony umon The patient should always wear shoes to support the re 
laxed feet 

If a fixation plate and pm are used some surgeons believe that ex- 
ternal immobilization is not required and that earlier motion of knee 
and hip may follow While this may be so, it does not always ensue 
and the pm and pUte may not retain the shifted displacement of the 
shaft of the femur or they may cause trouble as buried metallic fixa 
non agents leading to death or cutting through of the head of the 
femur 

The change of weight support directly under the head of the bone 
restores the natural lines and stimulates the bone to unite and to func 
tion m weight bearing I have used osteotomy m patients up to ninety 
years of age and obtained bony union and subsequent ambulation 
(Fig 162) Osteotomy is usually a happy solution of the problem of 
nonunion at the neck of the femur 


TECHNIC OF DEBRIDEMENT OF THE KNEE JOINT 
FOR ARTHRITIS 

Paui B \I\rNOSON, iM D , I ACS* 

To the surgeon who his suffered and worried about surgery of 
joints, the technic of operation, up to the time the pitient is placed 
on the opentmg table, is entirely secondary to the diagnosis The 
knee joint a complicated mechanism ind, m order to approach it 
intelligentlj , the anatomy and mechanics as w ell as the patholog) 
should be thoroughly understood B) reference to the work of Bran- 
tigan and Voshell^ - ® one can refresh his memor) and stimulate his 
imagination regarding the surgera of this intricate joint 

EXAMINATION AND DIFFERENTIAL DIA&NOSIS 
The evamination and differential diagnosis has as many facets as a 
complicated diagnosis anywhere in the abdomen, with fewer diagnos- 
tic aids except the surgeotji’s fingers and an intimate history gleaned 
from careful questioning of the patient 
Symptoms -Probably a “catch accompanied by acute pain is the 
most frequent symptom which brings the patient to the doctor, and 
when one realizes that many conditions m the knee can cause this 
same outstanding symptom it is no mean feat to boil the diagnosis 
down to a defimte conclusion 

Roughening or degeneration of cartilage beneath the patella or on 
one or both condyles will produce this symptom A “joint mouse” or 
foreign body of any kind, a partial or complete tear of either lateral 
or medial meniscus, or a pfece of cartilage slightly loosened on the 
articular surface of either condyle or on the head of the tibia, will 
also bring out the same complaint on the part of the patient Disalign- 
ment in flexion or extension caused by a slight change in contour of 
one or the other condyle because of arthritic atrophy of cartilage, and 
disalignment of the line of pull from the quadriceps to the patellar 
tendon, allowing the patella to slip slightly lateral and ride up on the 
sharp edge of the anterior surface of the lateral condyle, are also causes 
of pain Roughening and degenerauon of the articular cartilage on the 
patella is one of the most frequent causes of crepitation and joint pain 
Frequently the acute episode will be blamed on some slight tnuma, 
but when one takes into consideration that that particular tnuma has 
occurred many times in the patient’s life and has ne\er before given 
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these s> mptoins the doctor should stop and u under svh) on this par 
ticular occasion the s> mptoms developed suddenlv The catch may be 
iccompanied b> swelling or Jt mt) not it ina\ be accompanied b) 
locking but frcqucntl) it is not Therefore e\er\ structure in the 
knee joint must be tested at the time of examination to satisf) the 
mind that the s\ inptoms are consistent w ith one or another diagnosis 
It IS impossible to cite the details of every diagnosis and the cause of 
s\ inptoms in an article such as this hut briefly we can sketch the usual 
technic of esaminatjon of a knee )vmt 

Tests for Joint Alignment —The patient should siC on the examining 
tiblc with the knees bent at a right angle and the legs hanging free 
1 he thighs should be uncovered as h gh as the hips so that alignment 
of the feimirs with the tibiae can he clearly seen The examiner then 
stands in front and asks the patient to put his legs as nearly^ parallel 
as possible and to bring them into full extension Note is made as to 
whether the knees are in a position of valgus (knock 1 necs) or varus 
(bowlegs) w hether the <iuadriceps tendon the patella and the patellar 
tendon are in tligmneni or whether the patella has a tendency to pull 
toward the lateral or medial surface of the leg when the joint is m 
full extensun It is not infrequent with valgus position of the knees 
to have an unstable patella It imv never compicicly dislocate but it 
iinv pop up over the ridge of the external condyle or the external 
condvlc mn be abnorniall) flat and permit the patella to pull off 
htcrallv as the knee comes mto the last 15 degrees of extension If 
this IS the case the knee is' unstable and over a period of years this 
instabihtv and constant cross strain and excess trauma may and fre 
quentlv docs produce traumatic^or hypenrophic arthritis As a InaT 
ter of fact am cross strain appUed 16* any joint nniiy times over a 
long period of time will in most cases produce traumatic arthritis 
w hich ina\ be the sole cause of disability simply because of often re 
peated slight trauma 

Tests for Integrity of the Uateral Ligament* —After the alignment of 
the joint IS considered the examiner tests the integrity of the internal 
and external lateral ligaments The internal ligament is tested by bring 
ing the leg into covipletc extension fixing the lower leg by grasping 
It at the ankle with one hand and forcing the other hand against the 
vwcd-xl swrfac.e «f the ktvee U the fitetil hgatwewt vs relaxed or vieak 
nr n\er strained there will be a distin ct give or bum p which K 
signihed by the joint separating between the outer condyle and the 
upper end of the tibu If the ligament is tight as it should he therr 
will be no give in this ligament or separation of the two joint sur 
faces To test the integrity of the internal Jateral ligament or coi 
lateral ligament the examiner s stool is moved to the other side of 
the member being examined with one hand the leg is again fixed m 
full extension and pressure is put on the lateral side of tfie knee tem^m 
the medial side If the ligament is tight if no lateral motion occurs an 
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if there IS no pain, it cm be considered nonnal If either of these lign 
inents is strained tenderness Mill be elicited at tlic point of strain c\tn 
if there is no actual lateral pla) If the literal cartilage is torn or 
frayed, and King between tiie joint surfaces in sucli a waj that it is 
pinched In this mani pulation, pain nm be elicited in the joint along 
the course of the cartilage 

In one case I was uncertain about the pinching of the meniscus 
causing pain and strapped the patient’s knee m full extension and had 
him walk for an hour In that short time the knee became swollen and 
the cartilage was so tender that the patient was in extreme pain, this 
in spite of the fact that he could extend the leg fulK without an\ 
considerable pain at the lime of examination The next da\ we re 
nioicd this cartilage an^ found it frayed, not at the anterior or pos 
tenor horn but about half wa\ between the two, with fringes of the 
meniscus bctXieen the condalc and the head of the tibia 

Examinahon for a Loose or Torn Internal Semilunar Cartilage —In ex 
animation for a loose or torn internal semilunar cartilage cspccialK if 
loose or torn at the anterior half, external rotation of the lower leg 
with the knee bent at a right angle, with mild pressure o\cr the an 
tenor part of the internal cartilage bringing the knee passu cl\ into 
full extension will often engage this cartilage and guc acute pun 
e\en though there is no liistors of locking Reversing tins procedure 
does not alw ay s hold true m examination of an externa! semilunar c ir 
tilage injury, which is less frequent 

Test for a Ruptured Anterior Cruciate Ligament— This test is made hv 
holding the foot benveen tlie examiners knees, with the hand behind 
the calf of the leg, and the leg fixed at a right angle, the tibia is pulled 
forward at the upper end If the ligament is torn there will be distinct 
forward slipping of the tibia on the condyles of the femur With the 
leg straight the posterior cruciate ligament can he tested in the same 
"a> A loose foreign bodv m the joint is characterized by a frequent 
change in the location of ^ain m the joint The patient may call atten 
tion to the fact that it is sometimes on the medial surface, sometimes 
on the lateral surface Maybe for a considerable time there will be no 
trouble then without any cause whatsoever, upon simple extension 
there will be a catch whether or not weight is being borne on the 
knee 


Blocking of Full Joint Extension —Many times when a patient is asked 
if he can fully straighten the knee after an attack of pain he will sa\ 
ves, at the time of examination however, it is found that the leg mav 
5 degrees of full extension as compared with the other knee 
and when a little force is used to bring the affected knee into full ex 
tension there is a complaint of painjn the anterior part of the joint, 
either medially or laterally'TRis occurs as a result of slight blocking 
in the front of the joint, or from a partly torn or bucket-handle car 
tilage It occurs not infrequently m arthritis involving the condyles 
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because of pressure put on the rough cartilage on the surface of the 
)Oint If there is even slight locking between the internal condyle and 
the head of the tibia, pain is frequently elicited on the posterior sur 
face or opposite diagonal probably due to stretching of the capsule 
posteriorly because of inability to bring the joint into full extension 
Detecfion of Patellar Cartilage Defect— Rough and broken cartilage 
under the patella can be detected by having the patient volimtaril) 
flex and extend the knee while the examiner puts considerable pressure 
over the patella pushing it down toward the cond>le If this exag 
gerates crepitation and causes pain, one may be sure there is rough or 
degenerated cartilage on the articular surface of that patella grinding 
against the articular surface of the condyle Many patients who have 



Fig 163 Section of cartilage from surface of joint suffering from traumatic 
arthritis or hypertrophic arthntis There is no difference in the appearance of 
microscopic sections The cells sum poorly or not at all nuclei in clumps loss 
of columnar appearance and atrophy of mauit cells 


difficulty descending stairs suffer from this condition, it is extremel) 
common m patients with slight deformitj at or above or below the 
knees, in patients who are over weigh t, or m patients who have a tend 
ency to arthritis but do not have exaggerated symptoms m other joints 
The knee joint bears all the weight of the body at every step and 
the leverage put on the patella as it plays over the condyles m going 
downstairs especially, is tremendous It is the last 15 degrees of exten 
sion while bearing weight that usuillv produces pain m most patho 
logic conditions of the knee 

Arthritis as Cause of Knee Joint Pam —In my experience the most 
frequent cause of pam m the knee in adults past the age of 35 is some 



253 


DEBRIDEMCNT 01 KNEE JOIVT FOR ARTHRITIS 

tr ophic arth ritis Pathologicalij , looking at the cartilage onlj , \\ hether 
from a joint in the spine, liip, knee or elsewhere, the sections sho\\ 
the same condition, ^ poor!) staining cartilage a\lth condensation of 
nuclei (Fig 163), with a columnar appearance of the cartilage entirely 
missing except for the nuclei which stand somewhaMn clumps with 
their long axes in line between the matrix and the surface This is true 
in the t>pical monarthntic joint which has been injured, or the hjper- 
trophic joint which is one of nianj in the same mduidual The car- 
tilage looks the same in atrophic arthritis, but the symptoms are quite 
different Atrophic artTiritls is a constitutional disease with local joint 
manifestations, and should be treated as a constitutional tltsease The 
patient should not be permitted to continue to traumatize the joints 
while treatment is procccdincr 


DEBRIDEMENT OF THE ARTHRITIC KNEE JOINT 

Traction —In my opinion neither atroph ic nor h\ pcrtrop luc joints 
should be immob ilized b\ casts or splin ts Intticm allowing rcertain 
amount of motion without weight bearing, and the free application of 
heat, will work much better than complete immobilization and will 
pcrtfiiP motion of the joint without damage In other words rest is 
rel ativ e Traction usually gues relief from pam 1 he patient can nioTc 
about in bed and consequently, tlic" muSclts and ligaments controlling 
and supporting the affected joint do not become atrophied or rigid, nor 
docs the circulation become indolent Traction should not be of the 
type used to reduce a fracture of a long bone The purpose for which 
it IS applied IS entirely different For a fracture, the object of traction 
IS to counterbalance the pull of muscles completely, thereby retaining 
the fractured fragments in position In treatment of joints the object 
IS to remoye_prcssure from the joint surfaces and to give rest Too 
heavy traction causes reactlofTTn fhcTigaments ali3 musclcsTroTitFolling 
the joint and, personally, I never use more than 8 pounds of weight 
on the most robust ''individual in applying Buck s_ exten sion for treat- 
ment of pain and swelling or dcformity-iiLJbe knee The traction 
should be applied to give pull in direct line with the articulating 
bones when in full extension m the ease of hip, knee or spine The 
patient may say he does not feel the pull This is usually the case 
when extension is used properly If 1 ept on for twelve to twenty four 
hoiiK a day, it has been my experience that not more than 8 pounds 
IS the amount that gives the greatest coi^fort, and if it does not give 
comfort the amount should be reduced 
Indications for Debridement —The opinion has apparently been preva 
lent that little can be done surgically to relieve joints involved in an 
arthritic process In my experience nothing could be further from the 
truth vVe know that foiein n bodies or brbken or displa ced menisci 
prod^ acute p.ainjn- 4 oints So far ns I can judge, broken or rough 
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iircici^r_£aralage can produce the same pain. Experimental work’ has 
s-hown that often repeated slightjrraunia will cause the development 
of arthritis within the 'Joint xvhich sustains this trauim One sees it 
frequentlv in ol d athletic iniu nes. many times years after the injutj 
has been forgotteiT It is commonly found in joints subject to cross- 
Strain because of deformity* sometimes very slight, which causes smm 
to be put on a joint at an angle. It is one of the most common occur 
fences in hips after even a slight deformity from such conditions in 
\ outh as Perthes’ disease or slipped epiphysis. A fractured or displa_ced 
meniscus, ‘if unrepaired,, mav cause ex<^toses and-ttemendo us dcg eoeia- 



I ig 164— H\ pcrtrophic arthritis puient aged 60 Note exostoses along t|ic 
edge of the tondjles, erosion and roughening of cutihge and widening of patell* 
due to spur formation 

ti on of cartil age in the knee. It is found in the knees of overivcight 
women past the age of 40 more often than almost any oAer group 
(Fig. 164). 

This localized arthritis, or hypertrophic arthritis w'hich may 
[Somewhat generalized, gives most symptoms in the joints wherejh^ 
ps g reatest str ain It is in this group that j'oint debridement gives the 
most satisfactory surgical results (Fig. 165). Certainly the earber in the 
course of the trouble the rough and degenerated cartilage and exos- 
toses can be removed, the better tlie result, but even in those casts 
in which the cartilage is rough and degenerated almost down to the 
bone on the weight-bearing surface, the results of surgery, when 
proper operative and postoperative technic is follow ed, are among t e 
most gratifying of any in joint surgery* (Fig. 166), 

Pr eoperative Care.— Preoperative technic involves a r e lictio n J 
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gcry, and had best be left to ^vo^y along the best he can If he is the 
type of patient who is looking for a pill to cure his pamjivuhout any 
effort on his part, the surg eon had better not rake_lhe case In other 
words, car eful select ion of patjwits'iot surgery of joints has much to 
do with th^resuics'ljbtajncd -Car h inotioni su bseciuent to operation is 
essential, and the patient who is not u lUmg to go through the discom 
fort of early motion and help attain that motion, is not going to have a 
good functional result 

If there is co ntracture of the knee in some flexion, the patient should 
be put to bed with Il ucC^ ex tension applied below the knee with up 
to 8^ounds of v. eight, for a sufficient time to bring the knee into 
fuU extension unless there is a fo reiRiL-boA y actualU blocking the 
joint in front Of course it is impossible, m such a case, to straighten 
the knee until the foreign body is remoied In a case of t raumati c 
ar thrit is where the joint has been held m 2 to 10 degrees of flexion 
because this js the position of lease discomfort, the tracnon is applied 
as mentioned above, with the hecl ^nd ankle supported off the le vel 
of the mattress lemng the knee sag back, this will often straighten 
theTcncMn two or three weeks For the last few degrees of extension 
it may be necessary to put a sandbag or s hotbag weighing 2 or 3 
pounds on the a nterior suffice mst over t he patella When this is done 
the position of rotatio n must be carefully observed, because there is 
a tendency to rotate the leg externally and let the lateral ligament 
accept the strain rather than the posterior capsule of the joint A pil 
low IS usually placed from the lower half of the leg to the heel, to 
form a gutter in which the lower leg and foot rest comfortably with 
the toes pointing straight to thc-ceilmg This is somenmes painful, and 
the patient must be given alternate flexion ajid extension for half an 
hour to an hour at a tune 

When the knee has been brought completely ujto extension and the 
contracture in the flexor muscles and the posterior capsule of the joint 
has been os ercome, surgery can be^onsidered 

^raping —Preparation of the panenr for surgery is not so simple in 
surgery of the extremities as in surgery of the abdomen or neck Few 
surgeons have developed an adequate technic of draping the patient 
for surgery of the extremities, and unless draping is done ptopeth. 
with the Imen fixed firmly lO position, contamination of the operative 
field can easily occur The abdominal patient need not.faej aoved 
the table during o peration, but the patient undergoing extremity sut 
ge^, espccnllv joint surgeiy, nrost have the whole limb moved, some 
times freqiiendj to permit access to various re cesse sj5_the joint It u 
therefore highU important that draping ~Ec properly performed or 
supervised b\ s omeon e who is aware of the possibilities and has tnt 
responsibility for meeting ihern. In our surgery of the extremiciM, o® 
assistant, intern or resident is permitted to drape a g atignt-until he iw 
helped the surgeon do it many times and even then the operator super- 
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vises most cases. It is a nuisance, but careful supen'ision of details is 
necessary to successful surgery; therefore it must be acc^pted-as-part 
of the preo perative, o perat ivp, and. pnfttnp pmrjyc regim en. Of course 
It is a foregone conclusion that surgery' will not be p erformed in th e 
presence of any sort of lesion on the skin surface, and tint all infec- 



tious processes have been eliminated before surgery is even contem- 
plated. S having the leg must leave no abrasions , and it has been my 
experience th^ shaving the sla n div^JhuclTb etter than using so ap 
and watcj^ if it is done carefully there~is no occasion Tor laceratmc 
the sbn. ^ 
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A. thorough twenu minute voap and \tat e r scrt^hbmg ts g^ gn 
r\ venr\~?our hours preopent»>e >\, toir»vCed~h\ stcn ie pr^ecrion ^th 
<nit the use of an antisepuc \Vhtn the patient is on the operating tabk 
there is another fifi een rnmiife scn iti n ith soap anrf ■stenk^iiater o\er 
a u idc area T he skin ss rhen dried w ith cfherj using care chat no ether 
runs donn onto the rabk, if here it «iH come in contact nith and 



blister the ikm 1 his is ft how ed b\ washing With tincture zeg hnsn 
more particubrh because it is uiiored awd one can be sure the entire 
surface has been ihoroughh covered "Hic kg is then held high jn the 
air w ith the knee straicht the nm^e grasping the foot— and a tall nurW 
IS to he preferred for this The leg is hcM sidewai s off the table '"ith 
the hip tn ^Fig 167) The lower sheet i'’ pheed under the 

thighandlfg lo\ erin" the rab-k and the o ther leg A tow cl is brought 
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under the thigh, brought together m front and clamped w ith a tow el 
chpTo'thc skin Another large towel is brought from front to back 
high on the thigh, and damped tojhc skinjn_back The upper sheet 
IS then placed across the hod\, looped below these towels, and 
clamped beneath the thigh This point of clamping is then co\ercd 
with another towel brought beneath the thigh and clamped anteriorb 
Thus the upper part of the thigh and the bod\ are completeU walled 
off, with the linen firmU fixed to the skin so that there can be no 
possible contamination from al>o\c White the nurse still holds the 



foot, a si ngle towel is c aref till) wrapped nround th e lower leg below 
thej^ee, the upper edge coming 2 inches bTlow tfieTuad-oLdiejabia 
(Fjg 168) A towel IS then laid lengthwise m pr the sterile sh eer, and 
the foot an d leg are low e red onto it, the low er end of the tow el being 
brought o\er the toes to the dorsum of the foot and the sides of the 
towel wrapped around the leg The entire leg is then cosered with 
ano ^r towel or a stocki ng The exposed surface of the skin is then 
sna sec ond application of alcohohe zephiran 
Technic of Debridemenf — \Ve use the parapatellar incision most fre 
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quently in the approach to the knee joint (Fig 169) It is started 
below at the medial edge and lower end ofjhe pajelJar tendon, ex 
tends upuatd toward the medial halToTthe patella, skirts the patella 
and crosses the quadriceps ten'donjro Jtsjnedian line, and extends up 
the median line of the quadriceps about three or fourjnehes N^itour 
niquet is used, bleeders are clamped and tied as they are i5Hcowe3 
Tendinous attachments and fascial attachments to the sides of the 
patella are cut, leaving enough attachment on the patella for suture 
The medial half of the quadriceps tendon is cut at a right angle to 
Its long axis near its attachment to the patella and the incision is con 



tmued op through the quadriceps to as high a point as is necessarj, 
usually close to the musculotendinous junction The synovia is in 
cised, usually alo ng the medial edge of the patell a, and heiTThe joint 
IS opened the incision is followed down to its lower end In the louer 
third considerable bleeding is sometimes encountered, especially at the 
f at pa d which cannot alu ays be pushedJiteSTward A sharp hook re 
tra ctor is_p laced at the medial surface of the patella and the patella is 
rurnedouw ard an d upside do^n As the knee is bent appjpachmg an 
angle of 90 degrees of flexion or more, the patella hes with the articu 
far surface facing upward a nd outward, outsjde the lateral condjie 
The muscles and fascia attached to the inner side of th e inc morLcan 
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l>e refle cted . mcdialU The incision must be long enough so that tlie 
joint can be o pened \\i d-e and coinplctcls exposed from one side of 
the condoles to the other 

The patient’s foot now rests witli the sole on the operating table 
the knee bent to usuall\ mor e th an 90 degrees, the tondalcs com 
pletely exposed The menisci can be cxamincdTor tears or degencra 
lue processes and should be remoted if nor normal Uxost oses will be 
seen around the edges of the inner and outer cond\ Ic The cartilage 
of the joint is iisualU a little yellowish and more or less granular on 
the surface, with areas of erosion or degeneration scattered usiialh in 
the location wliich bears the most weight and receives the most trauma 
in normal use In m> experience the articular surface of the patella 



Fig }?} -Rfmavsl a{ cTOitoses ironi one side of joint heW rn place by forceps 
to illustrate amount of exostoses rcmo\ ed 

usually shows the greatest degen^tion (Fig 170) next the weight- 
bearing surface of the intwnal condyle, and that of the external con 
dyle th^d These areas of degeneration correspond to the site of great- 
est strain on_the_ianQus parts of the knee The patella always bears 
the greatest strain because it is involved in the application of power 
from the quadneeps-to-the weight, which it moves at its attachment 
on the tibia Most people are slightly bow legged, and in individuals 
who^nre mclfned to have the knees in varus positions, the greatest 
amount of weight falls on. the internal condyles However, in xalgus 
position It Will be found that the greatest amount of degeneration is 
^veight bearing surface of the external condyles 
The object of surgery is to remove all irritating matenal from the 
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joiijr, because it is this roughness that continues the irritation and its 
Removal apparent!\ allows the ^o int to recrenerate new amj^ he althy 
cartil age if there is sufficient healt hy matrix remainin g If this is true 
It IS quite apparent that opera tion should be ^rformed-before the 
degeneration of c artilage ha s reached the stage where no matrix re 
mains Good results are7n dire ct ratio to the amount of normal m atrix 
w hich ayill re generate norm al c artilage cells after surger y It will be 
noted that the articular surface of the upper end of the tibia is usu 
all> much less in\ol\ed in this degeneration of cartilage than is the 
articular surface of the lower end of tlw femur The same is true in 
the hipj^with regard to degeneration of cartilage on the femur as 
compared w ith the acetabulum 

The exost^es found around the edges of the condjles are com 
pletely removed (tig 171) along the edge of the synovia and over t 
the edge of the cartilaginous surface of the ^oint This is done with a 
\ erv sharp, very thin bladed chisel, us ually there is v cry little trouble 
some bleeding During this procedure the joint is constantly moistened 
with ixo rmal sa line all parts which arc not under i mmedia te surger\ 
are covered b> sponges sop ping we t with norm al saFine solut ior i_ Car ^ 
beuune_ilrv^ny more than the 
ssential parr of operative p roce 
oint surfaces exposed a more or 
less constant d jip of saline s olution is applied 

After the exostoses ha\ e been remoted from the edges of both sides 
and above the condyles the cartilage «^iirfare is shaae d with a ver\ 
sharp scalpel All degenerated cartilage is remosed e\en if it is neces 
sary to take it down to bare and bleeding bone m some areas Noth 
mg is left except ‘the s hiny lu aline cartila ge This may appear to be 
an extremely radical procecfiiVe liccause when one is through fre 
quently there are few spots of norma! h\ time cartilage remaining The 
shaving is done with either a veiy shar p rayor blade chisel or a scalpel 
in such a way as to lea\e whatever ridges ihere may be on the surface 
of the joint running parallel to the li ne of m otion of the tibia on the 
femur If these ridges are lett across the line of motion the surface of 
the femur is like a washboard if turned in the opposite direction these 
little ridges act as tracks and still allow smooth motion If the bone is 
eburnated the hard surface is chiseled off until it bleeds unless it is 
removed it will always remain m a state of eburnation If the outer 
shell is chiseled off carefully granulations can form to act as a cover 
mg of fibrocartilage on the surface This fibrocanilage apparentlv acts 
as a gliding membrane on which the lomt'^ovcs very well corre 
spending to the fibrocartilage on the ends of the fragments m an old 
ununited fracture If ear ly motion. is started this surface does not be 
come adheren t to t he upper end of the tibia and the fibrocartilage 
seems to function perfectly^and allow free and painless motion in the 
joint 
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When the cond>lcs Invc been thoroughU nnd c-ircfull) phned thej 
ire co\crcd uith \cr) A\ct sponges ami the patellijs considered Here 
the cartilage is usinll) mu ch thic ker and much more degenerated and 
large sharp exostoses arc found along the edges, which matenalb 
widen the bone These edges arc coniplctcK rcmo\cd so that the 
patella IS reestablished to normal aizc and shape, or esen made smaller, 
and the rough and dcgcocratcd cartilage is sha\cd ofT m the same 
manner as in the Lond\Ies (see I igs 164 and 165) TlicrcTre usually 
a sufficient number of ishntls of cartilagc^lcft to act as a skidwa) be* 



Fig 172 —Complete debridement Note large excision of degenerated cartilage 
from articular surface of patella and on anterior surface of cond>les immediatelj 
under the puella Note removal of surface cartilage on the internal condyle down 
to the bone m ith areas of nonnal h> aline camlngc benveen 


tw een the patella and the tondv les allow mg the patella to mot e freelt 
over the cond>Ies xtithout pain ocarritation_If any ridges are left here 
they should he longitudinal, not tnnstcry We “Ta a r u no r Tound it 
necessar) to remote the patella in these casw In my opimon it weakens 
the koee.aDd m inQi: g.than 100 operati ons for knec“‘'de^d«nenrthere 
have been no cases w here n did not work properly between the quad- 
riceps and the patellar tendon It cannot be emphasized too much that 
all diseased broken and rough cartilage should be removed, even down 

to bare and bleeding bone, and this should be thorough ' 

When the opifation is completed (Fig 172), the joint is washjid- 
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out with norma! saline solution, using a svnnge, and is thoroughly m 
spected to sec that no loose "pieces of cwtilage or bone and no un 
healthy cartilage remains 

In about 20 per cent of our cases wc have found a rather sharp 
spike of bone at the anterior tibial margin, which abuts against the 
front of one or the other condyle when the knee is m full extension 
We have removed this spile down to the level of the tibial plateau 
because m most cases it actually impinges against the condyle and 
acts as an irritant to the )omt 

Sutures and Dressings— The sy novia is sutured with the synovial sur 
faces in what Murp hy used to ca» ectfop ion. so thaT they are in con 
tact, with no cut surface within the |omt Tor this and for all other 
sutures beneath the skm, d oyble-O plam catgut is use d, cveepr uherc 
the cut end of the quadnee^ tendon is resutured, and Jiere tyvo in ter 
fupt ed No 0 chromatjzed catg ut sutures are used T}« dressings' are 
held^ m place by an ace or tetra ba ndage, no gauze bandage is used 
Over the first bandage are placed tvyo ABD pads in front and two in 
back of the knee, bandaged on with considerable pressure with an acc 
or tetra bandage, then the entire leg is bandaged from toes to thigh 
with some elastic form of bandage — 

Postoperative Care— When the pauent is returned to bed a mliovv 
is pla ced leng thwise under the thigh and leg and the leg is placcdTmo 
the gutter formed by the pillow, to avoid us rolling from side to side 
N arooties are used freely for the first twp or three days 

THetRo^day following operation the outer bandages are removed 
and the le^s completely straightened by moving the pillow down to 
the ankle and foot, not permuting any support undcr_ the knee This 
can be borne only for fifteen minutes to half an hour^at a tune Then 
the leg IS allowed to rest on the bed, but the position is changed at 
least four times ja-day the knee being brought inco .10 o eJS deg rees 
of fleiuon and then again mto full extension. On the third day the 
patient is given thorougJi instruction m exe ^ise of the nuadne eps 
and It IS sometimes difficult to make him understand that the quad 
riceps can be exercised without actually moving the knee Tins is ex- 
tremely important because without power m the quadriceps the pa 
ticnt will not be able to get out of bed and vv ^Ik on the eighth or 
tenth day On the fourth day a slmg is placed under the knee, this 
IS atHched to an oveflicad puHey fay a rope with a handle so that 
the parient cm exercise the knee by lifting it from the bed and let 
tme the foot down then stralghtenuiR the leg with support under 
the knee At first this is somewhat p aintu U bUr it iT surprising to see 
how much early motion can be developed if the patient is persistently 
encouraged and instructed On ^ four th day all bandages arc re- 
mo\ ed except the one holding the dressing, and on 
ba ndage is rem oved The dress it^ is field by transvcS^dhesive 
tcr'smps^. sd'that nothing binds the knee and’lirevents fiexion From 
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now on motion should come rapidh, and by th e eighth dav the pa- 
tient should ha\e 45 to 60 degrees of \ol untar\ motion \\ itlT complete 
control of the quaSnceps 

Lessons in Wallcing -On the eighth to tenth da>, depending on the 
age,and w eight of th e patient, he is requested to get out of bed with 
no help except that afforded b> the operating surgeon holding the leg 
b\ the heel to a\oid sudden jolts When the patient reaches an almost 
upright position the leg is lowered to the ground and the first lesson 
in walking starts It is extrcmcl> important that the surgeon take 
charge of the first few lessons This cannot be delegated to an assist- 
ant or associate, hecausc the patient has little confidence that he will 
be able to w alk, and needs all possibje reassurance, this he can get onU 
from his doctor When standing at the side of the bed, the patient at 
first will ha\e the k nee a nd hip slightU bent and will be m a sbghtl) 
stoo ped pos ition because he is afraidTthe knee is going to gne him 
pain, and it will if he is allowed to bear weight in an\ degree of 
flexion The pain is caused b^ fighfp mng.of the_sore ti ssue where the 
incision w as made There w ill be no p,-»n if the_w eight is born e straight 
on the knee when it is m full extended posioon Therefore the com 
mand is gi\ en— ‘ Kn ees straight tail in. chest up, head up’” 

Patients are n ev er gTv en crutches to aid in w alking L\ ep patient 
I have seen vvitfi crutches stoops fonvard and leans on them, and is 
very apt to bend the knees and hips m this position The surgeon 
stands back of the patient, the patients elbows bent and the surgeon's 
hands placed firmlj under the elbows with the upper arm straight 
down A Lttle swaying from side to side in this posiuon will give the- 
patient confidence that he will not ha\e pain when he bears weight 
on the knee Then the affected leg should be ad\ anced fiir r. the sur 
geon’s own leg jyoing_ fprward _:\vith _n, lUst a Uttle to the side with 
the toes turned out Weight is transfer red from the unaffected leg to 
the aff ected leg when , and only when the hip and knee are straight 
and idie patient is standing with chest up and h ead up The first step 
will not cause pain, and when the patient finds he can bear weight on 
the affected leg >£ithout pam he takes the next step nor mally. Sit p r 
eigh^steps for the first lesson is enmigh to giv e him confidence Usu- 
nll} three o r fou r lessons will serve to persuade him he can walk 
without help Then he is given a pyr of heavw cane s sawed off to 
the length most eas\ for him to use The canes should be an inch and 
a half longer than the distance from the palms tiTthe tioor. w hen the 
arms are held flat at the sides perpendicularly Most patients tend to 
hold the handle of the cane away from the body This is bad, because 
the canes vEobble benveen the shoulder and the floor The hands 
should be held against the sides of the thighs with the arms straight, 
the canes pointed downward and outward from each thieh The cane 
thus makes a brace between the thigh and the floor If held in this 
way, the canes can be moved b\ simple motion of the wnst without 
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any motion of the arms. They should be moved sjnchronoiisl) with 
movement of the operated leg 

These ina> seem like petty details, but we have found bj much ev 
penence twth surgery of the knee early wetght-beanng and patn 
less walking can be attained only by attention to just these annoying 
pettv details The after-care m chese cases is as important as the opera 
me procedure, and good results cannot be evpected unless ai! the de- 
tails are followed closelv and supervised by the surgeon 

SUMMARY 

We have now performed more than JOO debridements of the knee, 
and many of these patients have left the hospital walking wiihoat a 
limp in IcK than three weeks If cases for this operation arc properly 
selected, and operative techmc and after-treatment arc carefulh ad- 
hered to, the results of dcbndenienc for traumatic or hypertrophic 
arthritis of rlie knee and hip arc among the iiiosr sitisfictorj in any 
form of joint surgerv 
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Chordotomy for intractable pain in 
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colon 
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EAii, lacetttjons, Feb , 9 
Esophagus, carcmoma, Feb, t37 
Estrogen therapy m carcmoma ol breast 
Ftb ,127 ^ ^ ^ 

Eyelids, lacerations, Ftb , b 


lucM, chondrosarcoma of intractable 
pam ja hip following, relief by chot 
dotomy, Ftb , 70 

Injuries, facial, early management 
P(b,i 


KiKOS osteotomy for unumted fratlurt 
of hip, Feb , 247 
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SYMPOS/UM ON SURGICAL DIAGNOSIS 


FOREWORD 

Accurate surgical diagnosis continues to remain one of the great prob- 
lems in the teaching of medical students, interns and surgeons genenill> 
throughout the countr) Unfommatch- m man> instances the ph\sician 
has been relied upon to make the diagnosis and the surgeon has scr\ ed 
onl> as a “mechanic ” 

It IS my o\\n belief that the responsibilitv for die proper diagnosis 
rests squarelj on the shoulders of the indi\ idual ho operates upon a 
patient, if unnecessary and unwise operations are to be avoided Further- 
more, the information gamed through a thorough diagnostic studv is 
of inestimable value m determining the extent and character of the op 
erative procedure I am not adv ocating that the findings of the attending 
phjsician be disregarded, on the other hand, thev can and do carrv 
great weight with the conscientious sui^eon In addition, the phjsi- 
cian can be a tremendous help m the pre- and postoperative periods 
m seeing that the laboratory tests arc properlv carried out and that 
suitable therapeutic measures arc undertaken 
The present s> mposium, presenting some of thc'more common prob- 
lems of surgical diagnosis, is offered principal!) b\ surgeons of the 
New York area Included, however, are significant papers from the 
Montreal General Hospital McGill University group, and from sur- 
geons in the Services During the past four > ears great contributions 
in war surgery have been added to the literature and it is hoped that 
many things have been learned out of these experiences that will be 
applicable to the surgical care of peacetime injuries and diseases 
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DIFFERENTIAL DIAGNOSIS BETWEEN RUPTURED LUMBAR 
INTERVERTEBRAL DISK AND CERTAIN DISEASES 
OF THE SPINAL AND PERIPHERAL 
NERVOUS SYSTEMS 
Bronson S Ray, M D • 

The recognition of the syndrome of the ruptured lumbar disk has 
given rise to much debate in the past ten years and at times to strong 
differences of opimon But it can be said without danger of contra 
diction that the orthopedic surgeons and the neurosurgeons, the two 
groups who have been most occupied in dealing \t'ith backache and 
sciatica, have become more aware of each others’ problems While 
there are many common causes for lower backache, by far the most 
common cause of the group of symptoms broadly referred to as 
“sciatica" is ruptured lumbar intervertebral disk However, there are 
a number of other conditions that occasionally may simulate the syn 
drome of the ruptured disk and constant vigilance is required to avoid 
mistakes in diagnosis 

This discussion does not include a consideration of other musculo 
skeletal defects that are problems purely for the orthopedic surgeon 
but deals rather with neurological diseases that have m my experience 
simulated exactly or in pare the clinical picture that might be ex 
pected to result from a ruptured lumbar disk 

THE CLINICAL PICTURE IN RUPTURED LUMBAR INTERVERTEBRAL DISK 

The syndrome of the ruptured lumbar disk is well established and 
the diagnosis can be made with a high degree of accuracy on the 
basis of history and physical findings when they are typical Typical 
symptoms and signs include the following 

1 Pain in the lower back beginning acutely following some occu 

pation or event capable of producing undue stress on the back 

2 Subsequent extension of the pam from the back down the pos 

tenor or posterolateral aspect of one lower extremity at least 
as far as the ankle 

3 Increased pain on coughing and other forms of exertion 

4 Numbness and other paresthesias m the painful extremity 

5 Scoliosis, loss of the normal lordosis, and limitation of motion m 

the lower back 

6 Positive Lasegue’s sign m the pamful extremity 

From the Department of Surgery, Cornell University Medical College and 
the New York Hospital New \ork City , 

• Associate Professor of Surgery, Cornell University Medical College Atten 
mg Surgeon, New York Hospital 
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7. Impaired knee or ankle reflex in the painful cxtrcmj 

8. Impaired sensation in the lower lumbar and upper sd 

tomes in the painful extremit)'. 

Other findings may be brought out in many cases wl_.. 
there is only the histor>' of radiating pain and a positive Lasegue’s sign 
from which to draw conclusions, tf wc were not called upon to make 
diagnoses in other than those with the typical syndrome the percent- 
age of error would be less and the results of treatment would be much 
better. 

DISEASES OF THE SPINAL AND PERIPHERAL NERVOUS SYSTEMS. SIMU- 
LATING RUPTURED LUMBAR DISK CLINICALLY 

Of the diseases of the spinal and peripheral ncr\*ous system which 
may cause a clinical picture much like that of a ruptured disk, some 
are surgical and others are not. It is obviously better to discover or 
suspect such disease before rather than after operation is performed 
for a presumed ruptured disk. At least one should tr>’ to develop some 
conviction beforehand about the desirability of more extensive e.x- 
ploration if at operation he finds no protruding nucleus pulposus to 
account for the clinical findings. 

In a review of my own experience in the past five years, during 
which time I have operated upon more than 250 patients for ruptured 
lumbar disk, I have listed some of the neurological conditions encoun- 
tered during this period which simulated ruptured lumbar disk in the 
symptoms and signs they produced. In these conditions it was diffi- 
cult or impossible for me or others to arrive at a correct diagnosis 
before the final evidence was obtained. The list is not designed to 
represent an all-inclusive table of the diseases that might be confused 
with ruptured disk but will ser\’e to bring to attention the kind of 
things for which one must be on the alert. 

CLASSIFICATION OF NEUROLOGICAL CONDITIONS SIMULATING RUPTURED 
LUMBAR DISK IN THE CLIMCAL'PICTURE PRODUCED 
A. Intradural tumors 

Neurofibromas (neurinomas )*— 7 cases 
Ependymomas— 3 cases 
Meningiomas*—! case 
Teratomas— 3 cases 
Spinal varices— 2 cases 
6. Radiculitis 

Idiopathic radiculitis 
Herpes zoster 
Localized leptomeningitis 

a. After spinal anesthesia 

b. Infectious (syphJitic) 

c. Noninfectious cholesteatoma} 

GuUlain-Barre syndrome 
Syringomyelia 

• These may occur intradarally or e 2 ttradurall)'. 
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ependynioims and weningtovias are quite comparable in their effects 
and operability to the neurinomas 

Teratomas (and dermoids) usually involve the conus medullaris of 
the cord and, though they are congemtal tumors, they often do not 
cause symptoms until later life They produce dissociation of sensa- 
tion particularly m the saddle area, but these changes may readily be 
overlooked unless diligently sought for In one of the three cases in 
this review, the effects of the tumor were largely on the roots of one 
side, and the predominant symptom was pain radiating down the 
posterior thigh and leg of that side 

Varicosities of the spinal vessels occur most often in the lumbo- 
sacral cord and cauda equina though they occur at other levels of 
the cord as well The condition is probably a congenital anomaly but 
almost never gives evidence of its presence under twenty years True 
spinal varices are intradural and subarachnoid and are not to be con 
fused with large epidural veins that are present m the region of a 
protruding disk and, incidentally, which prove so exasperating when 
torn at the operating table In a collected group of these ca^es, it 
was found that the first s> mptom is usually pain m the back or one 
extremity The onset of pain is usually acute and frequently related 
to trauma The pain has the character of radicular pain, is less when 
the patient is recumbent, and is made worse by coughing and strain 
mg Disturbances in po^\er and sensation m one or both lower bmbs 
follow the onset of pain But there may be a senes of remissions and 
exacerbations until finally marked sensory and motor disturbances de 
vclop in the limbs and loss of bladder function occurs The following 
case IS illustrative 

Case hi —A 43 year old man, two years before admasion to the hospital felt 
a sudden pain m his lower back while lifting machinery Severe pain in one lower 
limb followed and he was confined to bed for ten days after which he recovered 
completely Six months later on juniping down from a platform the pain m the 
back and one limb recurred and incapacitated him for work thereafter Weak 
ness developed in the painful limb and he was treated by a succession of doctors 
for sciatica The sudden development of onnaiy retention resulted in his ad 
mission to the hospital The neurologic findings mdicated involvement of seveni 
roots of the cauda equina chiefly on one side The spinal fluid protein was 100 
mg per 100 cc At operation a spectacular nest of varices was found over the 
lower end of the cord and upper portion of the cauda equma The lesion was of 
course inoperable The sequel to the story empfiasizes the similarity of the syt^ 
toms to those of ruptured disk because six months after the operation another 
surgeon dissatisfied with the diagnosis explored the patient for a ruptured disk 
and found none 

Careful attention to the nature of the pam will sometimes give a 
clue to the presence of tumor Pam resulting from irritation of nerve 
roots bj neoplasm is likely to be more excruciating and dramatic in 
Its effects than that from protruding disk Also, while patients with 
disks find lying m bed uncomfortable onlv at first, and comfon to be 
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largely a matter of assuming the right position, patients with tumors 
may find lying in bed intolerable 

Probably the most significant difference between cases of protrud- 
ing disk and intradural neoplasm that simulate each other clinically is 
m the spinal fluid I do not recommend or employ routine lumbar 
puncture, but if there is the slightest room for doubt in the diagnosis, 
the examination must not be omitted In my experience, less than 10 
per cent of cases of pro\cn protrusion of the disk have a spinal fluid 
protein content of o^cr 75 mg per 100 cc , whereas it is the rare 
tumor case that has less than 100 mg per 100 cc In case of a high 
spinal fluid protein, or anj cMdcnce of obstruction of the spinal canal 
by the Queckenstedt test, a spinogram should be emplo> ed I do not 
advocate routine spinograph) , although pantopaque can now be ob- 
tained for civil use and is a satisfactory contrast medium in that it 
casts a good shadow and can be remoted through a needle or left to 
absorb 

Radiculiiis —There are \arious forms of radiculitis to be considered 
m differential diagnosis with ruptured disk One might be less im- 
pressed with this were it not for the fact that hardly a week goes b> 
that the need for differential diagnosis docs not come to attention 

Herpes zoster is a good example of acute localized radiculitis To 
be sure, the herpetic eruption is the result of the effect of the disease 
upon the posterior root ganglia, but there is good reason to beliete 
that the sensory root— occasional!) even the motor root— is involved 
by the disease In all probability the same disease sometimes affects 
roots without affecang the ganglia, and then the tell talc eruption is 
missing The disease runs its acute course m slx weeks, and this sug 
gests that six weeks might be a good minimum time to allow before 
considering exploration for a ruptured disk 

Under the heading of localized leptovientngitis are included cases in 
three categories (1) postspmal anesthesia, (2) infectious (syphilitic), 
and (3) nomnfectious 

The possibility that spinal anesthesia is occasionally followed by a 
low grade, long persistent though usually nonprogressive radiculitis 
of the cauda equina, cannot be ignored In the past eight years I have 
explored three patients in whom I finally concluded the lesion could 
be ascribed to or was at least initiated by spinal anesthesia In one of 
these the symptoms and signs xvere such that I was led to explore for 
a possible ruptured lumbar disk before proceeding with the intra- 
dural investigation 

The folloxvmg case is an example of localized infectious meningitis 
simulating ruptured disk 

^SE IV -The patient was a 41 year old bborer who a year before admission 
to the hospital developed radiating pam from the left lumbosacral region down 
the posterior thigh and calf to the ankle and foot together with slight weakness 
m this hmb The pain and weakness persisted in varying degree until one month 
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lower lumbar and upper sacral demmoines Hie spinal fluid showed lOO polv 
morphonuclear leulvocytes a posimc Pandy test and (unaccountably in view 
of later finding's) a negative Wassermann reaction A spmogram revealed a fill 
defect at the level of the second lumbar vertebra At operation the lesion was 
found to be a gumma involving the roots of the ciuda equina largely on the left 
Until this time the case had been cons deied a compensation case 

An example of nonmfecttous localized meningitis was that of a 
man m whom pain m the lower extremities and absent ankle jerks 
appeared shortly after removal of a cholesteatoma from the posterior 
cranial fossa Some of the cholestenn known to be irritating ^vas 
accidentally lost m the subarachnoid space and undoubtedly gravi 
tated to the caudal end of the meningeal sac causing an inflammaton 
reaction of the roots of the canda equina Because of the persistence 
and fluctuation of the symptoms from side to side an exploratory 
operation was performed which revealed norma! disks but edematous 
and inflamed nerve roots A number of months passed before reco\ er> 
occurred 

The Guillain Barre syndrome is a rebtively new and altiloquent 
name for what has been vanouslv recognized m the past is infectious 
polyneuritis infectious neuronitis poljradiculoneuntis radiculomyel 
itis Landr> s paralysis and others 1 hese terms imply an acute disease 
that affects nerves nerve roots and cord There are varving degrees 
and extents of the disease and usually it runs a course over months 
ending in partial or complete recovery rarely m death The initial 
s>mptoms are nearlj alwajs in the lower extremities and include pam 
paresthesias and weakness Pain m the extremities is often the chief 
symptom at first and may be accompanied by lower back pain The 
effects are bilateral but may predominate on one side The upward 
extent of the disease is variable and until or unless the fullblown 
picture develops diagnosis mav be problematic The spinal fluid shows 
characceristicaii> an elevation of the totil protein and no increase in 
cells A fair number of patients with this disease have been referred 
m recent years with a preliminary diagnosis of ruptured disk and a 
few have been explored surgically though usually to look for a cauda 
equina rumor 

Syring07nyeha is included in this discussion because of a few cases 
in which differentiation from ruptured lumbar disk was required 
Syringomyelia has the faculty of producing bizarre symptoms and 
this is not the place to review all the vagaries of the disease In one 
case It caused over a period of several > ears, recurring pain m the 
lower back radiating into one or both lower extremities The reflexes 
in the lower limbs were diminished or absent and there was spotty 
sensory loss The diagnosis xv^s made on the basis of dissociation o 
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sensation and a weak Babmski sign on one side, later, additional signs 
appeared in the upper e\trcm»ties 

Intraspinal Exfradural Tumors -In the intraspinal extradural space a 
number of other lesions can exist besides protruding disks The benign 
encapsulated vieiitngwims and neuTofibrovits listed previousl) as intra 
dural tumors ma) also occur here The latter tumor is particularK 
prone to possess a dumb bcU shape due to an intraspinal and extra 
spinal expansion connected b> a narrow c\ lindcr of tumor incorporat 
mg the nene in the inten ercebral foramen The presence of a tumor 
of this kind can often be detected b> roentgcnographic eaidcncc of 
erosion of adjacent xertcbral pedicles and xMdcmng of the mter- 
pcdicular spaces In fact, an> of the extradural tumors particularK 
metastatic tuvwrs^ ma> he expected to show roentgcnographic changes 
in the xertebra with a high degree of frequenej On the other hand, 
roentgcnographic identification of nipaircd intervertebral disk bv 
plain films without the use of contrast media has been unreliable and 
misleading Roentgenograms of the spine m suspected rupture of the 
mten. ertebral disk ha\c thcit greatest usefulness m differential diag- 
nosis from other diseases 

Chordoims are tumors of notochordal origin which occur charac 
teristically in the lumbosacral region and usuallj cause radicular pain 
The> arc of low grade malignanc> and tend to invade bone In the 
several such tumors of m> experience, the diagnosis has been suspected 
on the basis of roentgcnographic changes m the vertebrae However, 
there are records of at least rvvo eases in which other surgeons have 
encountered small unsuspected chordomas when exploring for a pro 
truding disk in the lumbar region 

Lyviphosarcovm occurring as a localized tumor m the spinal epi 
dural space and without evidence of accompanjing generalized sjs 
temic l>mphosarcomatosis is not rare In our dime it comprised 4 
per cent of primary tumors occurring m or about the cord and cauda 
cquim 

CvsE V— One of the eases was that of a 55 j ear old woman whose complaint 
w as low baclcache and pain down the back of both the lower limbs to the feet 
of eight months duration For the first three months the pain had been cxclu 
sivcly in one limb and was consistemlj made worse On coughing Bj the time 
of admission to the hospital the symptoms and signs w ere plainly bilateral there 
was urinary difficulty and the spmal fluid protein was 200 mg per 100 cc The 
mmor was found at operation to comprise a thin cuff about the dura from the 
fourth lumbar tp the second sacral vertebra Partial removal decompression lam 
inectomy, and x ray therapy have already given her five years of complete freedom 
from symptoms 

An extraordinary ease is one m which sciatica was found to be 
due to a dural cyst 

CvsE M-A 4J year old woman during seven months had had three episodes 
ot sudden pain in the lower back extending down the posterior aspect of the 
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nghi lower limb to the ankle Each attack began with lifting or bending and con- 
fined her to bed for slx to ten dajs There was a positive Lasagne’s s^, absent 
ankle jerk, and unpaired sensation m the fitst sacral dermatome on the tight The 
spinal fluid was normal At operation a dural cyst’ was found presenting in the 
right lumbosacral interspace When more fully exposed, it was found to ml much 
of the sacral canal and to arise from a small stalk at the end of the spinal dural 
sac The cyst contained clear fluid but the cavity did not appear to be connected 
with the subarachnoid space Its etcision has resulted m complete relief for three 
and one half years. 


The diagnosis of hypertrophied hgainentuvi flavwn as a cause of 
sciatica has had its day of populancy but hardly deserves perpetuation. 
The Iigamentum flavum together with a protruding disk or an other 
wise narrow channel for the ner\c roots contributes to the syndrome, 
but there does not appear to be adequate evidence for assuming that 
more than rarely is the ligament actually h> pertrophicd to a degree 
sufficient to cause symptoms in the absence of other local pathology 
But one case, in this scries, has been considered to fulfill the require- 
ments for the diagnosis of hypertrophied hgamentum flavum 


Case VII.-A 42 year old mad carrier had toted a 40-pound sack fifteen miles 
a day for many }car$ For four >ear$ he had attacks of a burning shooting pam 
^readme from the buuocks down tlic posterior pan of the lower limbs to the 
feet, more marked on the right side The sensation appeared twenty to thirty 
minutes after steady walking and climbing steps, and was relieved by five to ten 
minutes of rest The right ankle ;ctk was absent and the left greatly dunmished, 
there were no definite sensory changes Spinal fluid was normal A spmogram 
showed a marked filling defect at the fourth lumbar mienpace, and at operation 
It was found that the Iigamentum flavum here greatly narrowed the spinal canal 
The disk appeared normal Removal of the ligament has resulted in complete 
alleviation of his complaints for five jears and he continues at the same work. 


Extraspinal Nerve Lesions.— Extraspinal nerve lesions are not usually 
thought to require difTercmmion from mtraspinal lesions since it is 
assumed that the former should be discovered in most cases in the 
course of complete examination Yet periodically cases come to atten- 
Don m which the diagnosis of sciatica due to ruptured disk has been 
persisted m for weeks and months without the true nature of the 
condition being recognized A variety of neoplastic grovvths m the 
pelvis may compress or invade the sacral plexus producing radiating 
pain and neurologic changes m the lower limb In some, the symptoms 
and signs may for a while be indistinguishable from those of pro- 
truding disk, but on the whole, the pain is sooner or later more dif- 
fuse, persistent and excruciating than occurs m the average p^ienc 
with protruding disk That the diagnosis may occasionally be difncult 
IS supported by the following case 


Case VIII -A young physician had pain extending down one 
three years The distribution of the pam was m the buttock, posterior tmg 

- , iu—U TUa.. ........ — . of thC paUV 


calf, but also in the groin and mner thigh There were no remissions o ® T* . 
and It was enhanced by certain movements of the limb but not by cough g 
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Straining The anUe jerk was absent, and there was slight scnsor> loss over the 
outer malleolus He at fint had a negame exploration \or a protruded disk, and 
next a lumbosacral spine fusion without relief Another exploration for ruptured 
disk had been ad\iscd but abandoned when a pchic tumor, probabl> of osteo 
genic origin, was disco\ ered and w as undoubted!^ the cause of his symptoms from 
the start 

Most peripheral nerve lesions do not give trouble in diagnosis but 
two selected cases will demonstrate how' mistakes ma> be made One 
case IS that of a joung woman with several >cars’ histor> of sciatic 
pam thought to be due to a ruptured disk, and treated unsucccssfullv 
by physiotherapy, back brace and local injections Her pain was ulti- 
mately found to be due to a fibrolipoma which compressed the sciatic 
nerve at the sciatic notch Relief followed removal of the tumor 
Another ease is that of a slender, asthenic t> pc man of poor posture 
with many } ears’ history of backache who dev eloped a partnl peroneal 
nerve palsy after lying in bed for some weeks with a bleeding peptic 
ulcer His phjsician, long harassed by the patient's complaint of 
backache, now finding impaired sensation over the foot and weakness 
of the ankle, loo readil> concluded that a ruptured disk was the cause 
of both conditions 

SUMMARY 

In conclusion ic is emphasized that the clinical pattern produced bv 
the ruptured lumbar disk is fairly consistent There are a number of 
other diseases, particularly of the spinal and peripheral nervous s>s 
terns, which may partly simulate, and a few that may exactly simu- 
late, in their effects the sciatic s> ndromc produced by a ruptured lum 
bar disk But on the whole, these other conditions can be recognized 
by giving proper care to clinical evaluation of symptoms and signs 
and by employing such laboratory tests as are useful At best, some 
patients will still require exploratory operation for final diagnosis At 
time of operation, the surgeon must determine how far he is required 
to search and be prepared to deal with whatever lesion presents itself 
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In the philosophy of diagnosis it is evident that one or more of 
se%eral different methods may be employed It is often possible, and 
It IS the sjstem used by many phjsicians and surgeons, to enumerate 
the \arious signs and symptoms presented by the patient and by a 
method of syllogism to establish the diagnosis as it \\ ere by an equa 
Cion method Others employ a tcchmc whereby the essential symptom 
IS decided upon and, w ith this as a starting point, an attempt is made 
to prove the diagnosis As an example of this method, if among the 
patient s complaints is included that of the presence of Horner's sj n 
drome, whate\ er diagnosis is c\entually established must be one which 
will explain this essential symptom A third method of arming at a 
diagnosis is to list all the possible lesions which might account for the 
signs or s> mptoms noted m the patient and by a method of exclusion 
reach the probable diagnosis 

In the diagnosis of lesions of the mediasnna it would seem that the 
second method is operatise in the anatomic localization of the lesion, 
whereas the third is the one which will most surely assist the ph>si 
Clan or surgeon m arriving at a correct estimate of the case It may 
be taken for granted that the fact of disease m the mediastinum will 
evcniuall) be verified by radiologic (vray) investigation Such a 
method of examination, moreover, should prove the site of the lesion 
to be m either the posterior or anterior mediastinum and at the same 
time indicate whether it is smiated m the upper, middle or lower 
third of the chest Pulsation of the mass seen, either true or trans 
mitted, fixation or otherwise to esophagus, trachea, heart or diaphragm 
may be determined by fluoroscopic examination 

With the information obtained b> radiologic investigation, the cor 
rect diagnosis is most surely arrived at by a knowledge of the lesions 
which are to be found in that part of the mediastinum involved 
In addition to a method of subdivision of lesions m the mediastina 
based upon anatomic differenvavon, rhc> imy be also divided into two 
groups depending upon (1) the inflammatory nature of the lesion and 
(2) Its neoplastic character For purposes of this short contribution dis 
eases of the esophagus will not be considered except for slight refer 
ence thereto in connection with inflammatory disease 
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INFLAMMATORY LESIONS 
Inflammations, both suppuramc due to ptogcnic microorganisms 
and granulomatous due more cspccialh to infection In the tubercle 
bacillus, arc more common than is ustialb supposed to be the case In 



Fig 173 —X ra) pictures of a pjogenrc abscess in the posterior mediastinum 
consequent upon perforation of the esophagus. The gas bubble shou-n m the 
lateral picture apparent!) as due to escape of air from the esophagus since no 
gas producing microorganisms were discot^red A, Shows lateral projection to 
the right B, Shows for%vard displacement of the trachea- C, Shons a gas bubble 
in the upper portion of the abscessed can^ 

certain instances trauma is etidend} the etiological factor, it may re- 
sult from perforation of the esophagus bv foreign bodies such as bone, 
false teeth, ct cetera (Fig 173) 
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hatever may have been the onginal cause of the inflammatory 
se of the mediastinum its spread is either through the loose 
lar tissue or, and probably more commonly^ through the lym 
ic system Many general surgeons do not appreciate the impor 
2 of the intercostal and pleural lymphatics and the fact that, in 
uon to the lymph nodes which surround th^ bronchi there are 
mt in the mediastinum beneath the neck of each rib a system of 
;s which communicates not only with the pleural and intercostal 
nels but also with that hich supphes the \ ertebral bodies 
IS a matter of common knowledge tliat m a very large proportion 
11 patients who suffer a recurrence of carcinoma of the breast 



» .n • nf 4 liroe abscess consequent upon 
jn The abscess ruptured 
of view the mam feature 
sl^ep and hastened ex tus 

istases are demonstrable m the vertebral bodies and m the pelvic 
is It would seem to have been proved that the spread of the car 
roatous disease in these cases is through the intercostal lymphatics 
le system referred to in the last paragraph It is m this lymphatic 
:m, moreover, that pyogenic and tuberculous lesions, referred to 
tsoas abscess when ic occurs in the lumbar region have their 
in It IS less generally appreciated that a similar lesion may occur 
he thorax and involve the postenor mediastinum A case is illus 
:d (Fig 1 74) in which a lesion of this sort ruptured through into 
sm bronchus 
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' Cold Abscess" of fhe Chest Woll -One of the commonest inflam- 
matory diseases of the anterior mediastinum is that ^\hlch is commonlv 
referred to as "cold abscess” of the chest ^\all This is characterized 
by a soft, slightly tender, fluctuating bulge at the edge of the sternum 
and usually presenting at the second or third interspace For man\ 
) ears the nature of this lesion was not understood and in consequence 
results of treatment ^\erc unsatisfactory The commonest diagnosis 
made ^^as that of chondritis, ^\hlch -was not correct It would appear 
that all such antenor wall “cold abscesses” represent, m fact, a sup- 
purative tuberculous lesion having its origin in the l>mph nodes which 
lie alongside the internal mammary ve^els 
The most instructive experiments carried out bv Hugh Burke of 
this city seem to have proved conclusively the relationship of both 
antenor and posterior mediastinal suppuration (due to infection by the 
tubercle bacillus) to pleural infection 
The correct diagnosis m cases of “cold abscess” of the antenor 
chest wall is clearly of paramount importance if the disease is to be 
eradicated In order that this may be done, adequate exposure of the 
mediastinum is required This usually necessitates the removal of two 
cartilages and perhaps the anterior ends of the corresponding nbs 
When this is done the internal mammary vessels are exposed These 
should be ligated at the upper and lower borders of the wound and 
the caseous material which represents the 1> mph nodes carefullj re- 
moved I have made it a practice to carefullv bipp the whole wound 
and to pack, somewhat firmly, the cavity and to suture the skin flap 
back into position If the pack is left m situ for from sw to ten days 
and then removed, prompt healing may with confidence be expected 
When this technic is employed, moreover, a soft spot with possible 
pulmonary hernia is Lkely to be avoided 

NEOPLASTIC LESIONS 

Tumors in the anterior mediastinum are associated with the (1) 
lymphatic system, (2) thyroid, (3) parath>roid, (4) thymus, and (5) 
with teratomas In the posterior mediastinum, apart from the esoph- 
agus, the tumors which appear as shadows on radiologic examination 
are those associated with disease or tumor of the (1) lymphatic sys- 
tem, (2) nervous system, (3) other mesoblastic tumors, and (4) aortic 
aneurysm 

teslons Affecting the Lymph Nodes— It will be noted that tumors 
associated with the lymphatic system may be present in both the 
anterior and posterior mediastma Such masses may consist of any one 
of the diseases w hich are Lkely to occur in the lymph nodes These 
include acute pyogenic infections, granulomas, especially tuberculosis, 
and the lymphomas, the most common of which is Hodgkin’s disease, 
although the more malignant types of tumors also may be found and, 
occasionally, manifestations of the leukemias 
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With reference to the leukemias, th«e rarely present any difficuUj 
in diagnosis since there are «ell knonn methods of arriving at a 
proper solution of the case 

It may be accepted as a general rule that mediastinal misses i\hich 
prove themselves to be susceptible to x radiation are almost certamiv 
not properly subjected to operative interference This is true because 
on the one hand, the malignant lymphoblastomas are incurable and 
Hodgkin’s disease is most properly treated by x radiation alone It is 
recommended, therefore, that in the investigation of mediastinal tumors 
therapeutic roentgen irradiation should be exhibited primarily in order 
to assist in the diagnosis and, in suitable cases, as the most valuable 
form of treatment 
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Tig 175 A X ray of chest (Mrs G M) showing Hodgkins lymphomas B 
The same chest thjrt} months after radianon therap) 


As a rule, moreover, patients who show mediastinal masses due to 
diseases of the lymph nodes exhibit enlaigement of nodes in other 
parts of the body, more especially the neck Specimens are easily re 
moved for histologic ejcammation fliis form of biopsy should be car 
tied out since the diagnosis may be most surely established by this 
means 

There follows an abstracted case report of a case of Hodgkins 
disease which although the chmeal course has, hitherto, been more 
favorable than usual, is otherwise typical It exemplifies, moreover, 
the application of three important aspects of diagnosis, namely , x ray 
examination, histologic examination of tissue and the effect of thcra 
peutic radiation 


Case I Hodgkin s Disease -Mrs G M aged 55 years a pacient of Dr NutA 
was seen February 1 1943 at which time she complained of marked 'll 

breath and swellmg on the left side of the neck Her complaints dated bacK m 
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weeks only There was no pam She had suffered moderate loss of weight and 
complained that she tired casdj X ny exammation of the chest showed the 
presence of ^ 

x\hat larger • ° 

be due to ci ^ ^ t 

thumb She was admitted to The Montreal General Hospital Central Dniston 
one of the nodes in the neck \vas removed for histologic examination and pros cd 
to be Hodgkins disease of the Dorothy Rccd tj'pc Therapeutic x radution to 
the left side of the neck and to the posterior mediastinum uas earned out oscr a 
period of eighteen months a total dose of 4600 roentgens being cmplo}^cd 

Although no further radiation has been gitcn the patient has remained well 
and Mas recently operated upon for an ectopic pregnanc> W hilc she Mas in the 
hospital at this time an opportunity Mas giren to examine her At the present 
time there is no evidence of disease of the lymphatic system (Fig 175, B) 

Thyroid Parathyroid Tumors -Tumors in the' anterior mediastinum 
InMng their origin m the thyroid ghnd arc not uncommon and as a 
rule present a comparatively simple problem in diagnosis These 
tumors, as a rule, are adatoims, arc usually cystic and arc commonlv 
associated with symptoms referable to distortion of the tnchea 
Parathyroid adenomas, associated as they are with changes m the 
bones have been shown by Churchill to be found frequcntlv m the 
anterior mediastinum He has suggested that, m the event of a dng 
nosis of parathyroid adenoma having been arrived at by radiologic 
examination of the bones and by metabolism studies with special 
reference to calcium should exploration of the neck fail to reveal the 
expected tumor, the antenor mediastinum should be explored at a 
later date Hahsteresis due to hyperparaihyTOidism is rare, the diag 
nosis therefore, of parathyroid adenoma is one which should properly 
be left to the expert 

The following case history with its accompanying illustration illus 
trates one of the mote important common lesions of the mediastinum 

Case II Tinnoio in Anterior Medi^stI'^um — F J C a nun 80 years pre 
sented himself m 1936 on account of recurring attacks of a choking sensation Ex 
amination showed his general condition to be reasonably satisfactory for his y ears 
Above the sternum could be seen and felt a someuliat movable mass about the 
size of a golf ball This lay to the right of the trachea and bobbed up and down 
into the anterior mcdiastmum— the diving goiter of Lahey 

X ray examination show ed compression of the right side of the trachea due to 
the mass (Fig 176) In consequence of the distressing character of the choking 
attacks interference was advised and removal of a cystic adenoma of the thyroid 
with recent hemoiihage into one of the la^er cysts Mas accomplished without 
difficulty and Mith complete relief of symptoms The old gentleman died s x years 
later without return of symptoms referable to the neck or med astinum 

Hyperfrophy and Tumor of fhe Thymus— The opinion of those who 
have had most expenence, more especially 1 belietc in this connection 
Blalock IS that mv asthenia grav is is in some w a\ associated w ith h\ per 
trophy or tumor of the thy mus gland It w ould seem that prov en cases 
of myasthenia gratis should be subjected to exploration of the ante 
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nor mediastinum The preoperative diagnosis of this odd and very 
distressing disease m such cases can scarcely be elaborated upon m 
this short contribution With regard to the operative procedure 
Blalock has urged the importance of adequate exploration in order rh«r 
all thymus tissue may be discovered and removed 
Carcinovta of the thynais is rarely if ever, diagnosed while the 
lesion is operable As indicated by the last sentence such tumors are 
extremely malignant and rapidly spread to the hilar lymph nodes and 
in a retrograde fashion invohe the lung The possibility of this type 
of malignant lesion must be borne in mind since,the prognosis either 



F g 176 —Large diving go ter X ray illustrates d spUcement of the trachea to 
the left 

With or Without operative interference must be very guarded to say 
the leasr 

Anfenor Mediashhal Teratoma— Teratomatous tumors in the anterior 
mediastinum are rare and it would appear that m the early history o 
such cases the symptoms are of hctle importance In consequence y 
the time teratomatous tumors either dermoid cysts or true teratomas 
are seen by the surgeon they are usually of relativelv enormous 52 
and the symptoms are those due to pressure The diagnosis 0 
interesting lesions must be arrived at by an exclusion rnetho 
though as a rule they are benign in the sense that they do no 
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to metastasize nor is infiltration a striking characteristic, they arc 
likely to lead to destruction of the individual by their massiveness if 
left undisturbed Their surgical removal, however, is accomplished 
with considerable hazard Harrington has been able to exhibit dramatic 
pictures illustrating the operative procedures required 
Aortic Aneurysm -In our experience, the most common cause of a 
mass demonstrated by x ray examination m the posterior mediastinum 
has been aneurysm of the arch of the aorta A differential diagnosis of 
this condition may be extremely difficult and 1 believe that all sur 
geons who have had any considerable experience m opening the chest 
with a diagnosis of posterior mediastinal tumor have frequently found 
aneurysm instead The Wassermann reaction may be negative and the 
absence of pulsation m many aneurysms when examined under the 
fluoroscope makes the differential diagnosis between this disease and 
a posterior mediastinal tumor of neurogenic origin so difficult that 
often only by means of thoracotomy can the nature of the lesion be 
determined 

There follows below a case histor>» of a person m whom operauon 
was earned out, since it did not seem to be possible to arrive at a diag 
nosis by any other means 

Case IIl-W J C a man aged 47 years was admincd to my service at The 
Montreal General Hospital on account of swelling of the neck and face This con 
dition had lasted for a period of stx weeks Examination showed a large well 
nourished well muscled man who was free from complaint except that referable 
to the neck and bead wb ch were enormously swollen and somewhat dusky m 
appearance It seemed clear that this condition was due to pressure on the superior 
vena cava or on the uinominatc veins although there was no swelling of the arms 
and no gross enlargement of the subcutaneous veins 

X ray examination of the chest - ormous 

masses m the upper third of the c jperior 

aperture (Fig 177) Careful examir pulsa 

tion whatever Prior to the patients admission to hospital several Wassermann re 
attiosa had ah been negative Two Wassermann leacutms after Viis admission to 
hospital were likewise negaove However the test was repeated following opera 
tion and found to be positive 

Although the likelihood that we were dealing with aneurysm was appreciated 
It was deemed advisable to perform a thoracotomy m order that at least a prog 
nosis might be given to the pat ent and his family The right chest was opened 
through the bed of the sixth rib through a posterolateral incision followmg m 
stitution of artificial pneumothorax Even after the chest had been opened it was 
not at first quite clear whether the enormous masses which presented were neo 
^astic m character or aneurj^ms since pulsation could not at first be demonstrated 
Only after the aorta had been identified at its egress from the pericardium did it 
become clear that the masses constituted in fact aneurysms of the arch 

As a matter of further interest, it might be pointed out in this case 
that, although no special effort had been made to displace the masses 
from the thoracic aperture, the very fact of manipulation m order to 
prove the nature of the lesion had evidently sufficed to displace them 
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to a certajrf extent at least We xiere giYiti^ed, therefore to know that 
following operation the swelling of the face and neck subsided and the 
patient returned home on the ele\enth postoperative daj, comfortable 
and with an outline to his physician of an adequate course of anti 
luetic treatment He was advised to be cautious as far as strain uas 
concerned hut otherwise to carr> on xvith his occupation A report 
recen cd six months after discharge from the hospital indicated that 
he was comfortable and engaging jn a reasonable amount of aernm 
Neurogenic Tumors —Although odd tumors such as lipoma, mvxoma 
and fibroma, either benign or malignant, arc occasionally encountered 





< 


Fig 177 \ rav shoving aortic 9neur>$tns arising from the astend ng and de 
sceiiding branch of the aortic arch encroachment of the large masses upon the 
tlioracic aperture is dearl) indicated 

m the posterior mediastinum, they arc \er> rare The presumption is 
tfiat a true tumor in this focation has its origin from the tierv ous sj s 
tern, either the autonomic or sympathetic As a nifc such tumors are 
benign or, at most, mildly malignant This is, however unfortumtelv 
not alw 3) s the case since there nia> occur extremely embr> onic t> pcs 
of neurogenic neoplasms in the postenor mediastinum 

As a rule the neurogenic tumors encountered m the posterior medi 
astmum ate slow growing and present few svTnptoms although it is 
eas) to undentand m hy pressure on the nerv es (intercostal) may cause 
pam and also why, when the tumors are situated m the upper part of 
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the thorax, even though they do not arise from the sympathetic sys- 
tem, involvement of the ganglia may take place with the development 
of Homer’s syndrome. It should, therefore, be borne in mind that the 
so-called Pancoast syndrome due to pressure of a neoplasm pushing 
into the superior aperture of the thorax and producing symptoms of 
pressure on both the seventh and eighth ccrx’ical roots and the s)’m- 
pathetic plexus may take place. 
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THE IMPORTANCE OF BRONCHOSCOPY JN PLANNING 
THE TREATMENT OP PULMONARY LESIONS 

GAP Hurley, MD,FRCS{C)* 

OivjAG to the specialized nature of bronchoscopic examination and 
the consequent scarcity of skilled broncfioscopisis outside the larger 
medical centers, there is a danger tlut this important part of the m 
vesugation of certain pulmottary and pleural lesions may be too fre 
quently dispensed with In the surgery of the genito urinary system 
rhe value of endoscopic investigation of the urinary passages has long 
been recognized and no urological examinacioti is complete without a 
cystoscopy Similariy, proctoscopy and sigmoidoscopy are now con 
sidered essential m the investigation of disease of the lower bowel 
In the same way m order that a complete investigation be made of cer 
tain pulmonary and pleural diseases and in particular in order that 
intervention should nor result m serious blundering ic is often essen 
hal chat the lower respiratory passages be thoroughly investigated 
preoperatively One need only reflect on the great frequency with 
which pulmonary disease originates m or is associated with disease of 
the bronchi to see the force of this statement The air filled lungs lend 
themselves so admirably to investigation by t ray and the twne 
honored methods of phj sical examination that there is a tendency to 
stop there In actual fact the scat or a Urge part of the trouble may 
be located in the bronchial passages which are by no means so amen 
able CO cxammation by x ray or stethoscope 

The tliree great divisions of plenropulmonary disease that the sur 
geon is called upon to treat arc (1) tuberculosis, (2) nonspecific sup 
purative disease and (5) neoplasm 

TUBERCULOSIS 

Within the past decade increasing importance has been assigned to 
associated tracheobronchial involvement m tuberculosis of the lungs 
Tuberculous bronchitis commences in the submucosa advances to 
ulceration of the mucosa and finally tends to heal by fibrosis leading 
frequently to stenosis of the bronchi or trachea It is now believed that 
involvement of the smaller bronchi is part of the picture m almost 
all cases of pulmonary tuberculosis. In 10 to 15 per cent of cases 
however, the disease tends to progress into the larger air passages 
leading to cenam grave complications It should be emphasized that 
these cases are not necessanly those showing the most advanced 

From the Grace Dart Home Hospital Montreal Canada 
• Assistant Director Grace Dart Home Hospital 
•> 9 ’ 



293 


BRONCHOSCOP'i IN PULMONARY LESIONS 

parencU>'mal imoUemcnt FrequcntU the bronchial disease seems to 
take on a course of its oun, irrespective of the behavior of the pul- 
monar> lesion, spreading upwards to involve the trachea or bronchi of 
the opposite side The most important complications are due to 
ference with drainage of the infected secretions from the involved 
pulmonary segments Atelectasis and later abscess formation mav 
result Later still bronchiectasis may develop 
It has been shown that patients with tuberculosis of the larger bron 
chi particularly in the ulcerating and stenosing stages, arc not benefited 
by the milder forms of collapse therapy such as pneumothora\ and 
diaphragmatic paralysis Furthermore, it has been found that if these 
ordinarily effeciiie therapeutic measures arc adopted m such patients 
the disease often progresses rapidly thereafter They respond some 
what better to collapse by thoracoplasty, although why they should, 
has never been adequately explained It is possible that pneumothorax 
and diaphragmatic paralysis impede drainage further by' interference 
with the mechanism of coughing and that thoracoplasty does not 
operate in this way In any case, once the presence of bronchial tuber- 
culosis IS established, it becomes necessary to obsen e the behavior of 
the lesion through the bronchoscope The only form of treatment 
that has been w idely adopted is repeated cauteri7ation of ulcers and 
granulation tissue, with 30 per cent silver nitrate In this way the 
obstrucung granulation tissue is gradually destroy ed and the indolent 
ulcers are stimulated to promote healing In fibrous stenosis it is doubt- 
ful if any form of local treatment is of use and bronchopulmonary 
resection is indicated Opinions differ as to the value of silver nitrate 
treatment but it continues to be practiced by many of the closest 
students of the disease, and n is probable that a positive statement 
concerning its efficacy can now be made At any rate it is the best 
treatment we know of at present rurthermore, the most efficient 
method we possess of providing drainage of the occluded or partially 
occluded bronchopulmonary segments is by bronchoscopic aspiration 
Should the bronchial tuberculosis continue to advance despite the 
bronchoscopic treatment, it is likely that the only form of treatment 
that will sa\e the patients life is resection of the diseased lung and 
bronchus 

It IS clear that information that can be obtained only by bronchos 
copy is necessary if the correct form of treatment of certain types of 
pulmonary tuberculosis is to be followed More important still, if 
owing to the lack of this information, an incorrect form of therapy 
IS chosen tragic circumstances may rapidly ensue Obviously , the ideal 
IS to have every case of pulmonary tuberculosis bronchoscoped This 
aim IS at present impractical until more skilled bronchoscopists be- 
come available In the meantime, every patient with signs and symp 
toms suggesting bronchial tuberculosis should have bronchoscopy 
before any form of active therapy is undenaken These signs and 
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symptoms are (1) wheezing, (2) irritating cough, (3) difficulty in 
raising sputum and (4) dyspnea In most institutions for the tuber- 
culous, indirect laryngoscopy forms a part of the routine examination 
after admission It is important indeed to see the condition of the 
larynx, but in man> cases it is far more important to know the state 
of health of the deeper and narrower portions of the air passages upon 
whose patency the whole success of the future conduct of the case 
may depend 

NONSPECIFIC SUPPURATIVE DISEASE 

This includes bronchiectasis and lung abscess and these conditions 
often coexist In both of these diseases bronchoscopy is important for 
determining the etiology as well as the extent and localization of the 
lesion 

The etiology of bronchiectasis is snll obscure but it is commonly 
divided into two forms, acquired and congenital, and in the acquired 
form at least it is often associated with bronchial stenosis and atelec 
tasis The cause of the bronclual stenosis, whether for example mflam 
matorv stricture or neoplasm, can usually be determined only by 
bronchoscopy 

It IS now quite generally accepted that the only completely satis 
factory treatment of broncliiccrasis « endicition of the diseased Itmg 
by resection Nevertheless, while m the child and young adult the 
results of resection arc excellent, the risk of operation increases with 
age, and in the older patient, a medical regimen must often be re 
sorted to If a medical regimen is decided upon, drainage of the 
affected segment of lung by posture constitutes an important part of 
the treatment, but often repeated bronchoscopic aspiration is the only 
w ay to obtain efficient empty ing of the diseased bronchi 

One of the greatest risks of Jung resection m bronchiectasis depends 
on the presence of copious infected secretions in the tracheobronchial 
tree These may either occlude the airway during the operation or 
flow over into healthy pans of the lung leading to postoperative 
pneumonia or atelectasis Preoperativ e and postoperativ e bronchoscopy 
is the only adequate safeguard against such complications The extent 
of the bronchiectasis is determined preoperativ cly by bronchography 
This involves instillations of radiopaque oil into all segments of the 
suspected lung and observaicion of the filled bronchi by fluoroscopy 
and x-ray In many cases thick purulent sputum interferes with 
bronchial filling and here again preUmmary bronchoscopic emptying 
of the bronchi is necessary to secure a reliable bronchogram 

The etiology of lung abscess is better understood than that of 
bronchiectasis Two factors in particular namely aspiration of infected 
material from the nose mouth and throat and septic emboli, are 
know n to be important In children the aspiration of foreign bodies, 
notably peanuts, is a frequent cause Lung abscess however, is not 
infrequently seen in bronchial occlusion due to neoplasm Bronchos- 
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copy IS usually the only means by Evhich bronchial occlusion by 
foreign bodj or neoplasm can be ruled out 
Transpleural drainage has proaed to be the treatment of choice for 
ordinar) lung abscess, but such a measure is obtiously at first contra- 
indicated in the presence of bronchial neoplasm or foreign body The 
remoaal of the foreign body via the bronchoscope almost mvariabh 
results in cure, whereas bronchial neoplasm usually calls for pulmonarj 
resection Accurate localization is probably the most important single 
factor in the successful drainage of lung abscess Posteroanterior 
lateral and oblique \-ra>s as veil as tomography arc the most essential 
guides m this respect Houe\er, not every lung abscess is clearly 
visible on the tomogram or lateral films and in these cases the identifi- 
cation through the bronchoscope of the particular branch bronchus 
from which the fetid pus originates, may be a valuable localizing 
detail In this connection it should be remembered that one can usu- 
all> see the orifices of at least six branch bronchi on the right side and 
five branch bronchi on the left side 
Both lung abscess and bronchiectasis may be complicated by empy- 
ema It IS clear that transpleural drainage of an empyema will not 
result in cure if some persisting bronchial disease tends to perpeniate 
the pulmonary suppuranon Thus, chronic cmp> cma often calls for 
bronchoscopic mv escigation 

NEOPLASM 

The primary neoplastic diseases affecting the lung are believed to 
have their origin in the bronchial mucosa and are classified as (1) 
bronchogenic carcinoma and (2) bronchial adenoma In approximately 
75 per cent of cases of bronchogenic carcinoma the lesion commences 
in the large bronchi within reach of the bronchoscope The growth 
can be' inspected, its site and dimensions determined, and biopsy for 
microscopic examination can be done through the bronchoscope 
Much information regarding the extent of invasion of surrounding 
tissues and involvement of the tracheobronchial lymph nodes can be 
obtained by noting such signs as fixation of the bronchi and abnormal 
widening of the carina The latter signs may also be evident in periph- 
eral bronchogenic carcinoma w here the primary growth commencing 
in a small outl} mg bronchus or bronchiole is not visible through the 
bronchoscope, but in which the regional lymph nodes are frequently 
involved at an early stage 

One can sec that brdnchoscopic examination is of primary impor- 
tance in separating the operable from the inoperable As a life-saving 
measure, it is of even more importance m guiding the surgeon as to the 
nccessar> site of division of the mam stem bronchus, to insure com- 
plete eradication of the cancer It is evident that no case of broncho- 
pnic carcinoma should be operated upon without a preliminary 
bronchoscopy ^ 
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Bro7ich}al adenoma is the subject of some controversy as to whether 
It should be regarded as a purely benign or a potentially malignant 
neoplasm Its histology suggests a relation to the so called mixed 
tumors of the salivary glands which, though commonly regarded as 
benign, are nevertheless notoriously liable to recur and finally show 
signs of imasion of the neighboring tissues In any case, owing to 
their tendency to obstruct the bronchus, these tumors commonly 
lead to atelectasis and pulmonary suppuration They are, moreover, 
frequently the cause of profuse hemoptysis On these accounts it is 
obvious that their remo\ al is a matter of urgency Those w ho believe 
them to be benign are content with removal through the broncho 
scope It IS probable that bronchopulmonary resection is, hotvever, the 
safest form of treatment Whichever method is adopted, broncho- 
scopic examination and biopsy are evidently the first step m the at 
tack on the tumor 

0\v mg to failure to demonstrate a primary tumor elsewhere in the 
bod> It occasionall> happens that difficulty arises m differentiating 
secondary from primary carcinoma m the lung In this connection it 
should be remembered that bronchogenic carcinoma not infrequently 
causes metastases throughout one or both lungs probably owing to 
retrograde lymphatic permeation or hematogenous dissemination In 
such a case bronchoscopy is necessary m order to rule out the pos- 
sibility of a hidden primary growth in the bronchus 

HEMOPTYSIS 

Hemoptysis is a development dramatic m its mamfestations, usually 
senous m its implications and quite frequently obscure as to its causa- 
tion and situation Owing to the traditional method of treatment, 
namely, strict immobilization xvith ice bags on the chest, and opiates 
in large doses, it is not surprising that the mystery shrouding this 
condition tends to persist It is not difficult to see m addition that some 
of the most serious results of hemoptysis are encouraged and acceler 
ated by the traditional plan of treatment True, strict bed rest will 
dimmish respiratory movement, but it is very doubtful if this is of 
more than the least help m diminishing bleeding from the lungs or 
bronchi Opiates by dulling the cough reflex may prevent the re 
opening of a bleeding point, but their chief effect is to hinder evacua- 
tion of blood clot already in the bronchi which leads to atelectasis, 
infection and m the case of tuberculosis widespread disseminanon of 
the disease The ice bag acts more as a solace to the patient’s friends 
and attendants than as a help to the afflicted one 

Hemoptysis m the majority of cases is a development which 
calls for action, rather than inaction It is of primary importance to 
find out (i) What is causing the bleeding^ (2) ^Vhere is the site of 
the bleeding’ In tuberculosis of the lungs the cause may be evident 
but often the site is unknowm In other conditions commonly asso- 
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ciated ^vlth hemoptysis such as pulmonary suppuration, neoplasm and 
other forms of bronchial ulceration, the cause as ell as the site of the 
bleeding is often obscure Despite the value of the chest vray in the 
investigation, it can be said that both the cause and the site are often 
most directlj approached by bronchoscopy If the lesion is within 
reach of the bronchoscope its nature may be determined If the bleed- 
ing occurs more peripherally, the bronchopulmonary segment involved 
can be accurately identified by noting through which branch bron 
chial orifice the blood is issuing 

The obvious objection to early bronchoscop) in hemopt>sis is the 
fact that further bleeding may result from coughing or trauma caused 
by the intervention Both cough and tnuma, however, can be largel> 
eliminated by adequate preoperative narcosis and skill in manipulation 
Moreover, it has never been proved that coughing causes hemoptysis 
and even if it does, the advantages to be gamed from bronchoscopy 
are sufficiently great to overnile the objection It is certain that if 
cough IS prevented it is necessary to provide some other form of 
clearing mechanism for the airways The most efficient method is 
aspiration through the bronchoscope Once the cause and site of the 
bleeding are determined, active measures can be undertaken to pre 
vent funher bleeding In uibcrculosis, collapse therapy m the form of 
pneumothorax, diaphragmatic paralysis and thoracoplasty is often 
effective In other tuberculous cases only bronchopulmonary resection 
will suffice, and this is also often the case m bleeding due to non- 
tubcrculous disease 

Finally, in all cases of chronic chest disease exhibiting obscure 
densities in the x-ray, the next logical step m the investigation is 
bronchoscopy 
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THE BLOOD PICTURE IN PATIENTS WITH 
PRIMARY CANCER OF THE LUNG 

Lew a Hociiberg, MD,CM,FACCP,FACS*t 

Vital statistics, hospital admissions and autopsy records reveal tha 
cancer of the lung is increasing in incidence Within the past decadt 
there hate been a sufficient number of reports of the surgical cure oi 
this disease to warrant stressing the importance of early diagnosis 
Not infrequently the ph>sician is confronted by the clinical picturi 
of a middle aged man who has a cough or some upper abdominal dis 
comfort which is annoying but does not interfere with the patient* 
eteryday chores On examination of the chest and abdomen the ph>’s 
ical signs are essentially negative A roentgenographtc examination of 
the chest may reveal a small localized opacity which appears to be of 
no immediate importance The blood count is essentially within norma! 
limits Because of these minimal changes the physician might dismiss 
the possibilities of the patient having a pnmar> cancer of the lung 
Most standard works in hematology state that m the majority of 
cancer cases there is an anemia, an hcmoglobmopenia a lowered eryth 
rocyte count, a reduced color index, a leukocytosis and a poly morpho 
nucleosis These observations were apparently made m cases of cancer 
of the gastrointestinal tract and are not directly transferable to cases 
of cancer of the lower respiratory tract 
Hemoglobin end Red Blood Cells —In 200 Cases of proven bronchio 
geme carcinoma m which 240 hemoglobin (Sahli) determinations were 
made, it was below 50 per cent in five instances (2 I per cent), be 
tween 66 and 75 per cent m forty one instances (17 I per cent) and 
m fourteen cases (5 8 per cent) it was betwen 96 and 107 per cent 
In eight Cases it was 100 per cent and above The low est hemoglobin 
encountered was 42 per cent and the highest was 107 per cent The 
increased hemoglobin is explainable on the basis of an hemoconcentra 
tion, stimulation of the bone marrow, and/or a compensatory poly 
cythemia due to anoxemia The anemia may be due to ulceration and 
blood loss cither from recurrent hemoptysis or hemorrhage into the 
pleural cavity, to generalized carcinomatous metastases especially to 
the bone marrow and/or to nutritional disturbances 
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BLOOD PICTURE IV CANCER OF LUNG 

The total number of red blood cells per cubic millimeter of periph- 
eral blood in the 200 cases (240 determinations) revealed that m onl> 
three instances (13 per cent of the determinations) was there less 
than 2 5 million In 58 per cent of the determinations the number of 
cells was above 4 million According to Morrison the number of red 
blood cells, in cases of malignancj at all sites, falls below 3 million in 
13 per cent of the cases and is between 3 and 5 million in 64 per cent 


Hemoglobin 

Number of 
Determinations 

Per Cent 

Below 50 per cent 

5 

2 ! 

51 to 65 per cent 

45 

180 

66 to 80 per cent 

97 

407 

81 to 95 per cent 

81 

340 

96 to 107 per cent 

14 

58 


of the cases He states, “It is obvious therefore that about two thirds 
of malignant cases show a slight depressed or almost normal count 
(3 to 5 million per cu mm ), one eighth a moderately depressed count 
(below 3 million per cu mm ) and onc-fifth normal or increased count 
(over 5 million per cu mm ) ” In the present series it w as below 3 
million m but 5 1 per cent of the cases and m 84 1 per cent of the 
cases It was between 3 and 5 million In twenty-seven cases it was 
above 5 million in seven of which it was above 5 5 million 


Red Blood Cells 
per Cu Mm 

Number of 
DetemnnatJons 

Per Cent 

Below 2 5 million ^ 

5 

13 

2 5 to 3 0 million 

9 

88 

3 0 to 4 0 miUion 

89 

37 4 

4 0 to 5 0 million 

H2 

467 

Above 5 0 million 

27 

114 


Those factors which operate to increase or reduce the hemoglobin 
will also contribute to the corresponding changes in the number of 
erythrocytes In addition, the to'ticity may reduce the red blood cells 
even further that is commensurate with the reduction in hemoglobin 
In a senes of twenty-four cases of primary cancer of the lung re- 
ported b> Eisen he found an average hemoglobin of 74 per cent with 
an ervthroc>te count of 4,130,000 per cu mm In two cases (8 per 
cent) It was over 5 million, m nine (38 per cent) it was between 4 
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and 5 milijon and m the remaining thirteen (J4 per cent) it was be- 
tween 3 and 4 million— none was below 3 million Eisen attributes the 
high er> throc> tic value to an hcmoconcencranon 
In sixty-two cases coming to necropsy within one month after the 
first recorded blood count, the hcmogiobin-and to a lesser degree the 
total number of red blood cells per unit of volume— were only dightly 
low er than the average for the entire senes The low est recorded hemo 
globm was 42 per cent (with a total of 3 million red blood cells per 
cu mm ) and the highest was 103 per cent fwith a total of S 35 mil 
bon red blood cells in the same volume) 


Hemoglobin 


Number of 
Determinations 


Per Cent 




Below JO i 

i 

1 59 

51 to 65 

15 : 

1 19 8 

66 to 80 

29 1 

58 2 

fit to 9} 

27 I 

356 

96 to 103 

2 

26 


In the necropsicd cases o\ cr 87 per cent had a total red blood cell 
count of from 3 to 5 million per ext mm and on)\ 6 6 per cent were 
below 3 nulbon 


Red Blood Celts 
per Cu Mm 

Number of 
Determinations 

Per Cent 

Below 2 5 nulhon 

I ' 

15 

2 5 to 3 0 million ' 

^ 1 

i 53 

5 0 to 40 million 

22 

290 

4 0 to 5 0 million 

45 

58 5 

Over 5 0 million 

4 

53 


Jo rijjs ffjoap of casesr tbea, 23 7 per eextt of the determinations re- 
\ caled hemoglobins of less than 65 per cent, 38 2 per cent were be 
tween 66 and 80 per cent and the remaining 38 2 per cent of the 
studies w ere abot e SO per cent, thus indicating that m relatively few 
cases of primary cancer of the lung is there more than a moderate 
anemia even m those subjects who are about to die Graham, Singer 
and Ballon noted that secondary anemia occurred frequently in pa- 
tients with primary cancer of the lung although it was not a constant 
feature even m the advanced stages of the disease They observed 
hemoglobins varving from 51 per cent to 105 per cent and a variation 
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iti the red blood cell from 2 5 to 6 5 million per cubic millimeter In 
nine cases Miller and Jones found that there was a moderate anemia 
as reflected in the hemoglobin and total red blood count In thirt)- 
three cases of bronchiogcnic carcinoma Wcigl found that the hemo- 
globin content and the crythroc>te count were shghtl> reduced m 
adtanced cases and in only three cases was there an appreciable sec- 
ondary anemia The setcntcen cases reported b\ Simpson showed that 
the red blood cell count did “not appear to be of an> importance, it 
being normal or show mg a secondar> anemia of moderate degree ’’ In 
all cases of primar> cancer of the lung the erathrocytes showed a 
aariable degree of immaturity as caidcnced by reticulation, micleation 
and the presence of cr> throblasts 

Color Index —In the 200 cases of primar> pulmonary cancer in w hich 
the hemoglobin and the number of red blood cells per cubic millimeter 
of peripheral blood were determined, the color indcv was aanablc 
Howcaer, it was not as abnormal as is seen m other forms of malig- 
nanca — particularla those of the gastrointestinal tract The color mde\ 


Lculxocj tes 
per Cu Mm 

Number of 
Determinations 

Per Cent 

S 000 CO 8 000 

30 

P6 

8 000 to 10 000 

A6 

193 

10000 to 12 000 

47 

19 7 

12 000 to 15 000 

61 

25 6 

Above 15 000 

56 

23 5 


aaas betaveen 0 9 and 1 1 in 127 (54 2 per cent) of the determinations, 
aboae 1 I m taaenty seacn (113 per cent) and in eight} -taao or 34 4 
per cent of the studies it aaas beloaa 0 9 This determination depend 
mg as It does upon an arbitrary standard of 5 million red blood cells 
per cubic millimeter of peripheral blood and a 100 per cent hemo 
globin fails to consider the normal aanations avith age Hoaaever, 
these determinations do indicate that the h>pochromic anemia usuall) 
found m other forms of cancer is not common in patients avith pri- 
mary cancer of the lung eacn before the patients death 
Leulocyfes —In general, it is recognized that about half the patients 
avith malignant neoplasms have a leukoc} tosis In the 240 blood counts 
there were 144 (68 8 per cent) in avhich the total aahite blood cells 
were above normal (leukoc> tosis), m thirty or 12 6 per cent it was 
beloav normal (leukopenia) and in the remaining forty-six (19 3 per 
cent) It aaas aaithin normal limits In the studies m aahich a leukopenia 
was encountered, seaen had less than 6000 cells per cubic millimeter 
The loaaest aahite blood cell count aaas 5030 Morrison reported fifteen 
cases of primary cancer of the lung in aahich ten (66 7 per cent) had 
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a leukocytosis, three (20 per cent) were within normal limits and two 
(13 3 per cent) had a leukopenia He points out that a stimulative 
effect IS produced by the neoplastic process induang hyperplastic 
changes in the bone marrow and often resulting m a low grade leuko- 
cytosis The present series contains fifty sit instances m uhich the 
leukocyte value was abo\e 15,000 The total white blood cell count 
per cubic millimeter distribution was as follo^vs 


Leukocytes 
per Cu Aim 

Number of Determinations 

.1 

Total Number of 
Determinations 

Non autopsied 
Cases 

Autopsied 

Cases 

15 000 to 18 000 

19 

3 

22 

18 000 to 21 000 

10 

5 

15 

21 000 to 24 000 

4 

4 

8 

24 000 to 27 000 

1 

0 

1 

27 000 to 30 000 

1 

1 

2 

30 000 to 33 000 

0 

1 

1 

33 000 to 36 000 

0 

1 

i 

Above 36 000 

1 

5 

6 

Total 

1 “ 

20 

S6 


The thirt> sue non autopsied cases included only n\ o cases m u hich 
there ^^as a leukocytosis above 27,000 whereas in the twenty autopsied 
cases It was found eight times In the non-autopsicd cases the highest 
total white blood cell count was 37,200 per cu mm This was pre 
agonal, the blood being taken shortly before the patient expired The 
other cases in this senes all survived more than one month after the 
date of the recorded blood count In the twenty studies made on 
autopsied cases the determinations were all made within one month 
of the patient s demise In the latter group and in those m which the 
count rose above 36,000, the totals ranged from 36,200 to 52,000 cells 
per cubic millimeter Bergmark and Quensel reported the case of a 
3 1 year old woman with a cancer of the lung On admission the total 
white blood cell count was 22,500 per cu mm Three days later it 
rose to 40,600 and another two days later (le, one day before the 
patient died) it rose to 66,500 Such premortal fluctuations were also 
observed in the cases reported herein 

In the fourteen cases reported by Simpson m which the white blood 
cell count was recorded there was a leukocytosis in four of from 
10,000 to 20,000 and m the remaining eight cases it was between 6000 
and 10,000 Graham, Singer and Ballon found a leukocytosis above 
10,000 at some state of the disease in twenty of their uventy six cases 
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In the twenty cases reported by MiUcr and Jones Icuhopenia (below 
8000) was found in 15 per cent of their cases, a relatively normal count 
in 10 per cent and a leukocytosis m 75 per cent of the cases The 
highest white blood cell count was 112 000 (typographical error^) 
An increase in the white blood cells may be due to several causes (1) 
hemoconcentration, (2) associated and secondary mtrapulmonic infec- 
tion, (3) toxic effects resulting from the absorption of the end prod 
ucts of tissue destruction by the neoplastic and associated inflamma 
tory processes, (4) a stimulaaon and/or irritation of the bone mar- 
row and (5) recent hemoptyscs On the other hand, a Icul openia may 
be due to (1) an associated o\crwhclming infection (2) widespread 
metastases to bone and (3) the depressing effects of roentgen rays on 
bone marrow function, in patients receiving x ray therapy 

Differential Leulcocytes —A differential white blood cell determination 
generally reveals an elevation of the polymorphonuclear neutrophils 
with a corresponding decrease of the lymphocytes In 72 5 per cent 
of the studies the neutrophils were above 70 per cent, a corresponding 
lymphopenia (below 30 per cent) was observed m 90 per cent of 234 
differential counts Monocytes were found present in 177 out of 
which number a monoc>tosis ranging from 6 to 10 per cent was ob 
served m forty one Eosinophils w'crc found m ninety five blood 
studies but only on three occasions did they constitute more than 5 per 
cent of the total number of w hite blood cells 


Per Cent 

Cells 

Polyanorphonuclcar 

Neutrophils 

L^Tnphocytes 

1 to 10 


26 (112 per cent) 


i 

110 (47 3 per cent) 



74 (31 8 per cent) 


1 (04J per cent) 

20 ( 8 6 per cent) 


3(13 per cent) 

1(04 per cent) 

51 to 60 

7(30 per cent) 

3(13 per cent) 


54 (23^ per cent) 


71 to 80 

105 (45 1 per cent) 


81 to 90 

56 (24 0 per cent) 


91 to 100 

8(31 per cent) 



The highest polymorphonucleosis encountered was 95 per cent with 
a corresponding lymphocytopenia of 2 per cent and 3 monocytes 
Studies on the relation of the duration of the patient’s symptoms, 
site of location of the tumor and otology of the neoplasm to the 
specihc blood picture show no correlation except that m subjects with 
more rapidly growing tumors and/or generahzed metastases, especially 
to osseous tissue there ix a more marked anemia and a more pro 
nounced leukfirvtf\c*c ‘ 





THE RADIOLOGICAL DIAGNOSIS OF CERTAIN 
DISEASES OF THE LOWER ESOPHAGUS 

J W McKay, MD, CM* 

That the radiological examination of the esophagus is indicated in 
the presence of dysphagia is well recognized That it is indicated in 
the search for the cause of other symptoms referred to the thorax is 
not so well known Pam of thoracic origin will bring to mind the 
possibility of heart disease, but it should be remembered that an 
identical pam may be caused by esophageal disease 

A careful clinical examination should always precede the x ray ex 
ammation and the pertinent findings of this examination should be 
available to the radiologist, so that he can conduct and interpret the 
radiological findings to the best advantage 

TECHNIC OF THE RADIOLOGIC EXAMINATION 

Technic is important The patient should abstain from food or 
drink for twelve hours preceding the examination Retained food or 
fluid IS undesirable and interferes with the demonstration of the finer 
anatomical and physiological details 

A mixture of barium sulfate and water is a satisfactory opaque 
medium The apparatus consists of a fluoroscopic table equipped x\ith 
a spot film device 

A preliminary screemng of the thorax is done to exclude disease 
of the aona, mediastinum, lung or diaphragm The patient is then 
placed prone upon the fluoroscopic table m the Trendelenburg posi 
tion with the left shoulder elevated toward the fluoroscopic screen 
A mouthful of thick paste is administered and instructions are given 
not to swallow until the examiner is read^ to xvatch the progress of 
the bolus through the pharynx and esophagus As the bolus reaches 
the lower end of the esophagus, instructions are given to take a deep 
breath, hold it and bear down, as during the act of defecation This 
IS the Valsalva test As a result of this maneuver, the diaphragm de 
scends and. the esophagus is constricted at the level of the diaphragm 
Above the constriction there appears a localized pear shaped dilata 
tion of the esophagus The dilatation is called the phrenic ampulla 
In certain individuals, the ampulla will appear (Fig 178) without spe 
cific instructions as to the necessity of bearing down The reason is. 

From the Department of Radiology Montreal General Hospital McGill Uni 
versity, Montreal Canada 

• Assistant Professor of Radiologv McGill University Associate Roentgen 
ologist Montreal General Hospital McGill University 
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DISEASES OF THE LOWER ESOPHAGUS 

that those people automatically bear down when told to take a deep 

breath and hold it. rr r 

Dr. Frederic Templeton has described, in detail, the effect ot the 
Valsalva test, upon the esopliagus. During the performance of the 
Valsalva test the primary peristaltic wave which originates w ith the act 
of swallowing stops 2 to 3 cm. above the diaphragm. Between the 
point of arrest of the primary wave and the diaphragm the esophagus 
expands. As the patient continues to hold the breath, barium regurgi- 


Fig. 178— The phrenic ampulla durmg the Valsal\*a test. 


rates upward from the ampulla, and as the regurgitation proceeds, a 
narrowing, obscr^’ed at the )unction with the ampulla, relaxes and the 
ampulla collapses. The regurgitated barium panially distends the 
esophagus above the collapsed ponion, revealing the mucosal folds of 
the esophagus. A second swallow of barium is now given and in the 
absence of a deep inspiration, the lo^vct end of the esophagus does not 
expand and the ampulla is not seen. This establishes the fact that the 
dilatation is the ampulla and not a hiatus hernia. 

The primary peristaltic wave originates xvith the act of swallowing. 
The wave is a tetanic contraction that may be obserx'cd as it progresses 
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to the diaphragm or to the point above the phrenic ampulla where it 
IS arrested, if the Valsalva etpenment is used The wave produces a 
stripping effecr, lea\ ing sufficient barmm behind to coat the mucosal 
folds of the esophagus 

ANATOMY 

The course of the esophagus is of importance because of alterations 
that may be produced by intiuthoracic disease Pressure effects are 
produced by adjacent organs that are normally m contact with the 
esophagus From above downivvard these impressions upon the barium 
filled esophagus are the aortic arch impression, the left bronchus im 
pression, the left auricle impression and the descending aorta impres 
Sion 

The impression of the aonic arch is produced by the part of the 
aorta where the arch begins to descend and is visible in all three of 
the conventional positions (anterior, right anterior oblique and left 
anterior oblique) It is best seen with the right shoulder toward the 
screen which is known as the nghr anterior oblique position The 
concaviQ of the curve is to the left Alteration of this impression will 
occur m aortitis, aortic atheroma, enlarged bronchial nodes and ab 
normalities above the arch of the aorta 

The left bronchus impression is best seen in the right anterior ob 
lique position and is below the aortic impression It is not alv\a>s ob 
served and ma> be confused with the aortic curve This impression is 
deformed in enlargement of the glands at the bifurcation of the trachea 

The esophagus is in immediate contact with the pericardium of the 
left auricle From the level of the fifth thoracic vertebral body the 
esophagus leaves the vertebral column and is close to the posterior 
surface of the pericardium The impression of the left auricle may be 
seen in the anterior position as a single curve with its concavity to 
the left but is best seen m the right anterior oblique position The 
displacement backward of the espohagus b) an enlarged left auncle is 
the second most important sign of mitral stenosis, second only to the 
presvstolic murmur 

Above the diaphragm, the esophagus passes to the left, in front of 
the descending aorta The impression of the descending aorta is seen 
in the anterior and left oblique views as a curve, with its concavity 
to the left 

The esophageal hiatus in the diaphragm is formed by the crura 
Harrington states that the muscle of the hiatus is not directly attached 
to the esophagus and that fixation of the diaphragm to the lower end 
of the esophagus and to the cardia of the stomach is b) wa) of the 
diaphragmatico esophageal membrane This membrane consists of clas- 
tic and fibrous tissue, it originates from the diaphragm and is inserted 
into the lower 2 or 3 cm of the esophagus and into the upper 1 5 to 
2 cm of the stomach The membrane permits of movement during 
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s^^ allowing and respiration and it is considered to act as an antagonist 
to the pull of the longitudinal muscle of the esophagus, preventing 
them from pulling the cardia through the hiatus Harrington thinks 
that atroph) of the diaphragmatico-csophageal membrane, together 
with relaxation of the muscle of the hiatus, is responsible for the hiatus 
insufficiency associated with protrusion of the cardia through the 
esophageal hiatus in older persons 
The anatomy of the lower end of the esophagus is inadequate!) de- 
scribed in standard textbooks of anatomy To radiologists, the amtonn 
IS of major importance because of the nccessitv of explaining the 
phenomenon of the phrenic ampulla Templeton has explored the 
literature rather thoroughly He quotes from Cunningham, Arnold, 
Luseka, these anatomists agree that there is a dilatation at the lower 
end of the esophagus below the diaphragm xvhich the\ describe as the 
cardiac antrum Cunningham and Luseka describe a second dilatation 
above the diaphragm which is inconstant Templeton credits Hasse 
and Strecker (1905) with the first use of the term “phrenic ampulla” 
for the dilatation of the esophagus above the diaphragm 

Templeton suggests that the position of the diaphragm determines 
the site of the dilatation On full inspiration the ampulla is seen above 
the diaphragm On expiration a dilatation is not seen The phrenic 
ampulla and the cardiac antrum arc probabl> one and the same struc- 
ture 

Interesting questions arise as to wh\ the ampulla is seen only during 
full inspiration and whj the primarv peristaltic wave is arrested at 
the site of the ampulla 

The wall of the esophagus is composed of striated and smooth mus- 
cle, the lower third being largelj smooth muscle There are two mus 
cle layers, longitudinal and circular, an arrangement essential for the 
propagation of peristalsis Keith describes an esophageal sphincter at, 
or above, the level of the esophageal hiatus of the diaphragm 

The mucosa, submucosa and musculans mucosae form longitudinal 
folds and are responsible for the mucosal pattern of the barium-coated 
esophagus The mucous membrane is lined with stratified squamous 
epithelium and at the lower end is sharply demarcated from the 
columnar epithelium of the stomach 

There is an anastomosis between the portal and svstemic venous svs 
terns at the lower end of the esophagus The branches of the coronary 
or left gastric vein form an anastomosis with the veins of the esoph- 
agus which dram into the azjgos vein, then into the superior vena 
cava Short gastric veins pass from the upper pole of the spleen to 
the greater curvature of the stomach to reach the esophageal veins 
These anastomoses explain the formation of varices 

The behavior of the esophagus during the act of swallowing de- 
pends upon the consistenc) of the bolus, the position of the patient 
and individual pecuhant)’ 
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In the uprjght position gravity is the important factor In certain 
individuals a watery solution may be simply poured into the stomach 
nithout any appreciable act of deglutition If the drink is taken m 
mouthfuls the fluid is arrested at the cardiac sphincter until the pri 
mary peristaltic wave arrives and propels it forward as the sphincter 
relaxes If the bolus is dry or the patient is in the prone position the 
mechanism of the swallowing of solids is brought into play and the 







Fig 179 Tertiary pcnstalttc waves 

peristaltic wave is the force that propefe the bohis downward This 
IS the reason why the radiologist prefers the Trendelenburg position 
for the examination of the esophagus In this position the passage of 
the barium is lower and the pcnstaJtJC wave may be observed In addi 
tion to the primary peristaltic wave secondary and tertiary peristaltic 
waves are occasionally observed Secondary wav cs ma> be seen in the 
presence of obstruction Tertiary waves produce a peculiar beaded 
appearance (Fig 179) They shonid nor be mistaken for diverticula 
or vances 
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ESOPHAGEAL HIATUS HERNIA 
Although esophageal hiattis hcmm is not, strictly speaking, a dis- 
ease of the esophagus, the close resemblance of the phrenic ampulla 
to diaphragmatic hernia necessitates a brief discussion of this abnor- 
maVity. . 

There are many classihcations of hernia based upon cause, site ot 
herniation and contents. In this discussion, we will refer only to esoph- 
ageal hiatus hernia in which the stomach herniatK into the posterior 
mediastinum. This is the commonest tj'pe of diaphragmatic hernia. 



fig. 180 — Lsophageal hiatus hemia. The entrance of the esophagus into the stomach 
IS obscured. 


Harrington describes rsvo types. In the first type the esophagus is of 
normal length and the lower end is not elevated above the diaphragm, 
but a portion of the stomach has herniated into the mediastinum be- 
side the esophagus. The hernias are usually small and rarely involve 
more than one-half of the cardiac end of the stomach. One-third of 
the esophageal hernias which he has operated upon are of this type. 
In the second type (Fig. 180) the esophagus is of normal length but 
the lower end is elevated above the diaphragm and enters the herni- 
ated stomach above the Hiinbrnairi ThJc .i... 
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type and may even contam the entire stomach with a portion of 
omentum and occasionally a part of the colon Harrington believes 
that the difference m these two types is a matter of degree rather than 
origin 

These two types are relatively easy to identify because of their 
large size and the presence of gasme rugae above the diaphragm The 
esophagus enters the herniated cardia from the medial side (Fig 181) 


A • 1 



Fig !S1 —Esophagus entering hemmed stomach from medwl side 

thus distinguishing this hernia from the short esophagus due to a 
thoracic stomach The position of the esophagus is best demonstrated 
with the patient m the supine position with the left shoulder rotated 
toward the fluoroscope screen Marked kmking of the esophagus is 
not seen Templeton suggests that the longitudinal muscle contracts 
and so straightens the esophagus 

We hav e had no experience vx the examination of the congenitally 
short esophagus Harrington, considers it to be a rare condition In 
eleven cases m which the diagnosis was made there were only four 
m which the esophagus could nor be brought below the diaphragm 
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at operation. It is probable that the diagnosis of thoracic stomach is 
incorrectly made because of a failure to rotate the patient in a posi" 
non to demonstrate the relationship of the esophagus to the herniated 
stomach. 

Hiatus insufficiency (Fig. 182) is another type of hernia descnbed 
by Harrington which he thinks is due to atrophy of phreno-esophageal 
membrane and incompetence of the muscle of the esophageal hiatus. 
It is difficult to differentiate this type from the phrenic ampulla. As 
previously described, the ampulla is seen during full inspiration espe- 



Fig. 182— Hiauis insufficiency 


cially if accompanied by a bearing-down effort. This maneuver also 
assists in demonstrating or perhaps producing the protrusion of the 
cardiac end of the stomach in hiatus insufficiency. The difference in 
the appearance of the mucosal pattern of the esophagus and of the 
cardiac end of the stomach is of value. Harrington states that esoph- 
agoscopy may be necessary in differentiating the two structures If 
error IS made in the interpretation, it is usually in the direction of 
mistaking the normal ampulla for a hiatus hernia. 
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CARDiOSMSM 

The theories of the etiolog\ of cardiospasm e been adeqoateh 
discussed by manj sinrers The x ray picture m the long-standing 
cases of cardiospasm is chancteristic The esophagus dilates to a 
marked degree and csentttaH> will become elongated and tortuous 
As It increases m size it produces xiidcnmg of the mediastinal shadow 
to the right This increase in wdeh may fae seen m a film of the chest 
e\en without the administration of banum The lower end of the 
dilated esophagus is usually auooch, narrow and conical m shape The 
smooth appearance mas be altered bj comphcicing esophagitis and 
ulceration afao\e the obstruction 

The differential diagnosis will be between benign stricture, car 
cinoma and cardiospasm Esophagoscopy will be necessary in order 
to make an accurate differentiation 

The following case observed at TTie Montreal General Hospital and 
The Montreal Neurological Institute is of interest because of the 
association of cardiospasm and angina pectons 

G a man aged 4d year* was admnred three times in the period from 1916 
(O 1929 when the diagnos i of duodenal ulcer %va$ made This ciacnosis was not 
confirmed at operation when a. chronic appendix* was removed Tbes>mptonK 
persisted A ventral hernia was repaired In April }9J2 the patient complaned 
of somicing of increasing frequency D^-^hagia developed Csophagoscopv was 
done and marked spasm of the cardiac end of the esophagus was seen Dilataticn 
was done with difficultv In October 1952 the esophagus was dilated once a week 
with relief of the dysphagia During this month the patient was seized with pa n 
iti the left shoulder and ann extending to the fingers of the left hand On October 
J during dilatation the shoulder and arm pam became so severe chat he was ad 
mitted to the hospital The dta^osis of angma pectom was made by the late Dr 
Henri Lafleur The clcctrocar*3ioptam was normal The blood pressure was 120 
\ systolic and U2 diastolic Amyl nitrite failed to give relief The patient continued 
/ to complain of dysphagia Dr \\ ilium Cone injected the first second third and 
fourrh icfc sympathetic ganglia with l ISOO nupercaine The patient was greatly 
unproved Sbght pain in me left forearm persisted X ray examination of the esoph 
ages at this tune showed no evidence of cardiospasm Dr Cone operated upon 
the patient on December 7 10J2 performing a lamineeconi> w ith rh zotomy of 
the first SIX lefr thoracic roots and of the first tight thoracic root After opera 
cion the patient was cured of the cardio^iasm and of the angina pectons 

Dt Cone beUev cs that the cardiospasm and the angma pectons tv ere 
of the same etiology and were due to sympathetic hyperactivity 

Dr Tinsley R Harrison points out that any pain that originates in 
the substernal or precordial region and radiates to the left arm is not 
necessarily due to heart disease His report deals with eleven patients 
Seven complained of mild substernal or precordial pam with httlc 
radiation, the sensation variously desenbed as burning, fullness, nght 
ness or squeezing The duration was from minutes to hours In four 
of seven patients the discomfort was precipitated by swallowing The 
x-ray examination of the esophagus was negative m all of the patients 
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None of them were examined while the discomfort was present 
Fluoroscopic study of the esophagus should be done while the pain 
IS present In cases without evidence of heart disease and with pre- 
cordial or substernal pain a fluoroscopic examination should be done 
of the esophagus m search for esophagospasm 


ESOPHAGITIS 

If one consults the records of the pathological department one is 
forced to come to the conclusion that esophagitis is the commonest 
disease of the esophagus X ray observations upon a large senes of pa- 
tients have not been reported The published cases are described as 
showing spastic contractions, stenosis and distortion of the mucosal 
folds 



Fig I8J — Esophagms 


Hot.il'.I, ‘'5 obsmed at The Montreal General 

f ”1 substetnal paui at the lei el of the ti-phoij 

?hrMohlmr™a™m' Jurabon An x ray cxammation reiealed dilatamn of 
(r.o ml ^lie fill "t'ol'ing the loner third of the esophaent 

cmonia*Th7Ainle?® from that pttiduced bj car 

l atrniLTnmmm®?!,"™ “'MHO" but shon ed some 

„ T''» ' anations were probably dependent upon spasm No crater 

nas demonsrratqd Caremoma Mas sngBcsted The ’patient svas eSmed by Dr 
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Chcvaiief Jackson Endoscopic findings were chronic esophagitis, erosion of the 
mucosa in the middle third of the cst^hagns, diffuse dilatation of the lower third 
There was a chronic gastritis in the potaon of mucosa immediately surfoundmtr 
tile esopliagea! orifice The esophageal mfiammacion had the appearance of a 
static esophagitis Dr Jacluion expressed die opinion that the stas« was probab!) 
intermittent and due to the fadure of the diaphragmatic pinch cock to open 
promptlj The patient recot cred complete!} In 1941, an x*tay examination 
siiowed a normal esophagus 

TUMOR.S OF THE ESOPHAGUS 

The diagnosis of cancer of the esophagus is usually made late in 
the disease All patients complaining of substernal pam, discomfort or 
dysphagia should have at least a careful radiological esaimnation of 
the esophagus 

The x-ray examination should begin with a chm watery solution of 
barium. The ibm mixture will pass through a narrowed portion and 
visualize the extent of the lesion A thick, paste may become ob- 
structed and fail to fill all of the diseased area The distal cxtrcmitv 
of the lesion will be identified bv normal mucosa! folds The tnucosil 
folds at the site of the lesion wj|} be oblirerarcd Proximal to the can- 
cer the mucosal folds may not be entirely normal due to an associated 
esophagitis U no evidence of narrowing spasm or defect is seen with 
the use of the thm watery mixture a thicker paste should be used 
This will reveal lesser degrees of narrowing. 

Three gross anatomical types of esophageal cancer are recognized 
(1) The srenosing, infiltrating or scirrhous type. This form produces 
a circular stenosis (2) The medullary type which ulcerates early 
This type w lU produce an irregular filling defect in the banum-filled 
esophagus. (3) Polypoid form It is rarely recognized radiologically 

The cancer is an epidermoid carcinoma Adenocarcinoma is rare 
except m the lower end of the esophagus where it is found as an up 
ward extension of carcinonxa of the cardiac end of the stomach. With 
this m mmd, x-ray investigation of the cardiac end of the stomach is 
imperative in the presence of x-ray evidence of carcinoma of the 
lower esophagus 

Nonepithehal tumors of the esophagus are rare They have been 
aptly desenbed by Dr Riclwd Schatzkc as intramural extramucosa! 
tumors We have observed two cases that satisfied the criteria for the 
diagnosis of these tumors One of the patients refused treatment and 
so the diagnosis remains m doubt 

N B , 3 woman aged 19 years, conqilaaicd of indigestion of six )cars’ dura 
cion accompanied b> a burning sensation deep in the chest Fof five years she 
had experienced pain in tiie chest on swaUowmg food, and a heavy feehog m 
the chest relieved bv belchtag and more recently by vomiting Vomcmg without 
nausea had been present for five months A ^asmodic dry cough was present and 
she expectorated pid egm containing soft whitish material She was unable to 
swallow solid foiw Tarry stools were obsen ed on two occasions 
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\ ray £xJ7«mjr»on —There was dilatation of the esophagus A sharplj de 
marcatcd tumor mass w-as seen m the posterior mediastinum projecting to the 
right of the midtme (Fm 184) The esophagus was displaced to the nght b> the 
mass w hich appeared to be intimateh associated w ith the esophagus. The upper 
and low er limits of the pressure defect w ere sharply demarcated from the on 
m\oUed esophafnis above and below the mass The wall of the esophagus oppo 
site of the tumor appeared to be normal The mucosa w as distoned but not de 
*tro\ ed 

fifop/agorrop^ — The esopha«»oscope was passed without difficuln The 
esophamis was dilated The mucous membrane was injected At 38 cm there was 
a sacculation to the right There seemed to be pressure from the anterior surface 
into the sacculation The cardia was not seen” Ulceration or endence of disease 
of the mucosa was not reported 



Fig 184— Leion^oma of the esophagus 


OperJiion -Exploratoi) thoracoiomv was performed bj Dr Fraser Gurd A 
^or the size of a grapefruit w« fourd presenting m the lower half of the chest 
^e esopha^s was pushed to the n«ht and was dilated The tumor arose from 
the wall of Ac esophagus, and could be separated from the mucosa and submucosa 

P™'"' ■J--’ of P«topem.>e 
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MS 

Special stains revealed m the cdk n«R> loogicuduial striations but no cross 
striatJons No evidence of maligning Wto present 
Diagnostf Leiomjoma of the est^hagus 

The radioiogjca! features were consistent with the diagnosis of 
excramucosaJ, intramural tumor There was a circumscnbed lobulated 
mass invoIving^ the posterior mediastinum encroaching upon the lumen 
of the esophagus The mass \ias sharply demarcated at its upper and 
lower extremities by a well defined angle There was distortion but 
no destruction of the mucosa 


VARICES 

The demonstration of varices as a source of bleeding in the louer 
esophagus is of great value to the clinician 

Abnormally distended veins \tiU project into the lumen of the 
esophagus as rounded elevations and as tortuous, elongated defects in 
the barium coated mtenor of the esophagus Vances may be present 
and not be demonstrable by x ray examination 

Templeton recommends the use of the Valsalva test in demonstrat 
ing vances As the phrenic ampulla appears and the barium regurgi 
tates upward into the esophagus x ances ma> be visualized He points 
out that this rcgurgitatioa will occur as the esophagus relaxes above 
the ampulla The relaxation also permits of filling of the t ances The 
test should be repeated if varices are not shown at once This is a 
useful maneuver 

Diverticulum of the lower end of the esophagus is rate It is to he 
distinguished from the phrenic ampulla and esophageal hiatus hernia 

CONCIUSION 

Familiarity \\ ith the normal physiology and anatomy of the esoph 
agus will pretent errors m radiological diagnosis The commonest 
error is m mistaking the phrenic ampulla for an esophageal hiatus 
hernia Disease of the esophagus should be considered as a source of 
thoracic pain The esophagus should be examined radiologically dur 
mg the attack of pam 
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THE DIAGNOSIS OF TUMORS OF THE BREAST 

S Jameson Martin, M D * 

To be in any way inclusn e, a consideration of tumors of the breast 
must deal ^vlth chronic c^ Stic mistins— that condition difficult to name 
and classif) , difficult to diagnose, and difficult to treat 
Art m medicine is the exercise of judgment m the interpretation of 
S) mptoms and signs of disease, in order that treatment may be insti- 
tuted nhich i\ill reproduce a picture of health Science m medicine 
IS the extension of obsenation by exact means of examination The 
more complete knoav ledge thus obtained permits of the exercise of 
more mature judgment In no realm of surger)*^ is this more true than 
in the diagnosis and treatment of tumors of the breast 
Acknowledging that the female breast is of importance from the 
point of vien of both function and appearance, appreciating that the 
lesion most to be feared and al\\a>s to be suspected is carcinoma, and 
realizing that the beginnings of carcinoma must of necessity escape 
detection by the fingers or the unassisted eye, the surgeon is faced 
with considerable difficulty in exercising the judgment which uill be 
to the best interest of the patient To rcmo\ e a breast, to inflict ugli- 
ness and asymmetry, and then to find naught but a hannless lesion, 
leads to chagrin To leave an apparentl} innocent lesion, athich later 
rcteals its true nature by causing death, leads to remorse With ac- 
cumulating individual experience and intensite stud> of pathological 
lesions of the breast, the clinician is e\er finding it more difficult to 
arrive at a definite diagnosis— and peace of mmd 


EXAMINATION OF THE BREAST 


History —When a patient with a lesion of the breast presents herself 
for examinanon, a complete and detailed history should be taken 
This IS important both for the study of the case and for statistical 
records Information should be obtained about time of onset, rate of 
progress, subjective symptoms, menstruation, menopause, endocrine 
disorders, pregnancies and lactations, previous operations on breast md 
pelvic organs, occurrence of trauma, and incidence of cancer among 
other members of the family 

Inspection —The patient is placed in the sitting position, in a good 
light, with the clothes off to the waist The size of the breasts is noted 
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This Will vary from the small* fct pseudomascuhne type to the large, 
obese, pendulous type One looks for a difference m size or general 
contour, a change m the direction, the horizontal position, or the 
relatne prominence of the nipples, and an alteration in the appear^ 
ance of the skin over the breast The arms should then be eleiatcd 
and again any change noted in the contours of the breasts Tlie im 
portance of evamination in the sitting position cannot be overempha- 
sized, because a small, deep-seated cancer m a large breast ma> some 
times be recognized on inspection when it cannot be felt on palpation 

Palpation —The patient is next placed in the recumbent position and 
palpation is earned out Flat hand palpation, rolling the breast on the 
chest wall, will reveal hard tumors such as cancer, fibroadenoma and 
large cysts, w hile the tissue changes of chronic cystic mastitis will not 
be recognized Furrher palpation of every part of both breasts be- 
tween the finger and thumb will reveal the small nodules and \ana- 
nons m consistence of breast tissue so characteristic of chronic cystic 
mastitis The mpple should be carefully examined for watts or fis- 
sures If there has been a history of discharge from the nipple it mav 
be possible by gentle stroking to locate the exact segment from which 
the discharge fvis come 

At this stage the exanuncr should chart the information so far oh 
tamed using a diagram which divides the breast into five zones~3 
central zone* two inner zones, and two outer zones If a lump n 
present, it should be measured m ccmimercrs and its consistence and 
mobility recorded 

rinally, the axilla and the infra- and supraclavicular fossae are pal 
pared for enlarged lymph nodes The condinon of the lymph nodes 
IS important as an indication of the prognosis, but should pKv little or 
no part m determining the nature of the primary’ lesion. Under no 
curcumsrances should the absence of enlarged Ivmph nodes be regarded 
as evidence that a mass in the breast is benign 

No exanunaaon is complete without a general examination of the 
patient, including especially palpation of the liver, x-ra> of the chest 
(particularly when a cough or hoarseness has recently developed), 
and x-ray of the lumbar spine and pelvis if there is pain m the neck 
or pam of a sciatic character 

Transillutwtiafion —in expeticnced hands transtllummation is of value 
in differentiating cysts from solid tumors It is not applicable to fiat, 
nonpendulous or sessile breasts or to lesions m the upper half of the 
breast. The patient is placed in a dark room and a cold electric lamp 
with rheostat control is used Thus light of varying degrees of mien 
suy can be used The various breast tissues and lesions show different 
degrees of translucidity This method of examination is only an aid 
CO diagnosis, and great cautHwi must be exercised in evaluating its 
findings 

Needling —When the diagnosis rests betw een a solitary cyst and car 
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cinoma, needling or aspiration biopsy will assist m solving the prob- 
lem Under local anesthesia a 22-gaugc needle can be introduced and 
the contents aspirated It is safer to centrifuge the fluid and examine 
It for tumor cells A benign c>sc will reveal straw-colored or cloudy 
fluid Bloodstained fluid is mdicatnc of duct papilloma, intrac\stic 
papilloma, or carcinoma 

X ray Examination —In our experience x-ra>s (with special soft tissue 
technic) ha\e been of doubtful value The breast is a very accessible 
organ, so that following a detailed examination a decision can be 
reached as to whether or not aspiration or surgical biopsy is indicated 
Surgical Biopsy —Biopsy is required only when the signs do not defi- 
nitely indicate a malignant lesion When biopsy is indicated, the infra- 
mammary approach is preferable If the breast is turned up, the lesion 
can be reached in no matter what quadrant it is situated By this 
method no unsightly scar or asymmetry is produced Should a radical 
operation be necessary following examination of the tumor by the 
frozen section method, it is not difficult to include the mframammary 
incision in the radical one Avoid double operauons The actual sec- 
tioning of the tumor is preferably' done with the electric knife, a 
cutting coagulation current being used 

CHRONIC CYSTIC MASTITIS 

Since Sir Benjamin Brodie’s paper on benign cystic disease of the 
breast was published in 1846, there have been innumerable contribu- 
tions to the subject This has led to a state of confusion and disagree- 
ment among surgeons and pathologists alike as to views and classifica 
tion In spite of attempts to correlate clinical and pathological knowl- 
edge, a sound clinical classification does not exist The reason for this 
IS that the various pathological groups may all be present in the same 
breast There is no doubt, however, as intensive study over many 
years has shown, that some aspects of this disease are definitely pre 
cancerous There has been progress, and we may expect that with 
time the relationship of chronic cystic mastitis to cancer will be more 
and more clarified Many surgeons today consider this disease as pre- 
cancerous in all its forms and perform wholesale mastectomies— their 
contribution to the cancer-control problem Fortunately, however, the 
majority do not subscribe to this mass mutilation, believing from pains- 
taking investigation, assisted by the work of competent pathologists, 
that the disease is precancerous in only some of its forms 
Recent studies indicate that the pathological changes observed in 
chronic cystic mastitis are due to abnormalities in the secretion of 
ovarian hormones Two ovanan hormones, the follicular and the 
corpus luteum, influenced by the antenor pituitary , control the con- 
nective tissue and the duct and acinar tissues, respectively 
Clwonic cystic mastitis occurs most commonly between the ages 
of 25 and 50 years, being more frequent m women who have not 
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borne children The clmicai features of this disease are painful breasts 
nodular or lumpy breasts, and a discharge from the nipple The dis 
ease is \ery often bilateral 

Three clinical types of mamnary dysplasia will be discussed but 
as mentioned before, all of these pathological changes may be found 
m the same breast 

Type I (Variously called Mazoplasia, Mastodyma, Adcmfibmis, 
Painful Breisis, etc ) —This condition is characterized b> pain in one 
or both breasts or pam localized to a segment of the breast The aver 
age age period is 35 > ears and the disease is more common in child 
less women. The breasts ate very often poorly de\ eloped Examma 
tion may reveal a tender area of induration confined to a segment of 
the breast This tenderness is more pronounced during the premen 
struym Spontaneous disappearance often takes place On palpauon the 
breast tissue is granular to the feel Diffuse nodularity is not a feature 
Diagnosis is based on pain worse m the premenstruutn often referred 
to the chest and arms, local tender indurated areas and the absence 
of nodulanty 

Type fl (Called Scbivnnelbusch s Disease Benign Tirenchyinatous 
Hyperplasia, Cystifercus DesquaimxM Eptibehal Hyperplasia Aden- 
osis, Adenocysttc Disease, etc ) —The chief cbnical feature of this t)pe 
IS the presence of nodules varying in size from a few miliimetcrs to 
a centimeter or so The pathological features are c\ st formation and 
epithelial h>perplasia As m the first t>pe the disease is more com 
mon in women who hate not borne children The average age is 40 
years One might saj that this type represents an advanced stage of 
Type I 

On examination the breast is firm and often disk shaped and mul 
tiple nodules arc palpable throughout \ cry often a conglomeration of 
nodules forms a definite mass in one segment of the breast There may 
be a serous or a serosangumcous discharge from the nipple In this 
type the presence of a definite mass and a knowledge of the patho 
logical features often make biopsy imperative for the ruling out of 
malignant or precancerous changes 

Type lii (Known as Cystic Disease, Polycystic Disease Sohuny Blue 
domed Cyst of Bloodsood, etc ) —This ty pe predominates at or after 
the menopause It is just as common m parous women as in childless 
women TTie average age is 45 years The characteristic clinical fea 
cure IS the presence of large solitary ot multiple cysts These arc 
globular elastic swellings freely movable m the breast tissue Fiuctua 
non may be elicited Multiple smaller cysB muy form a triangular arra 
of nodularity, with the base towards the periphery of the breast A 
serous or brownish discharge from the nipple may be noted from 
tune to tune ,, 

This type is essentially an involutionary process and microscopically 
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there is diminution m the number of acmi and atrophy of the lining 
epithelium in the large cysts 

Aspiration biopsy is used more commonly m this t> pc, in differen- 
tiating single cysts from carcinoma 

Precancerous Lesions in Chronic Cystic Mastitis —As previously stated, 
this IS one of the most controversial sub|ects of the present time In 
the Montreal General Hospital approximately 20 per cent of those 
cancers of the breast examined bv whole section reveal cystic and 
papillomatous changes in areas not involved in the malignant process 
The most significant histological feature m areas composed of mul- 
tiple small cysts is the presence of hyperplasia of the lining of the 
ducts and acmi, which become filled with viable cells, which retain 
their normal staining properties Although such features as invasion of 
the wall of the duct or acinus arc not evident, it is agreed bv the 
majority of pathologists that such a picture is precancerous 
This process must always be in the surgeon’s mind when examining 
the breast m chronic cystic mastitis 

SANGUINEOUS DISCHARGE FROM THE NIPPLE 
Bleeding must be distinguished from other discharges from the nip 
pic A brownish discharge which when chemically tested is not old 
blood and a greenish discharge arc found in chronic c> Stic mastitis 
On the other hand, a serous or a sanguineous discharge is significant 
of duct papilloma, carcinoma and chronic c>stic mastitis Approxi- 
mately 50 per cent of cases of bleeding from the nipple are malignant 
The presence of a single mass in close proximitj to the nipple is most 
significant of carcinoma However, a mass may not be palpable, and 
therefore the possibility of duct papilloma must be considered Care- 
ful palpation in the region of the nipple will often reveal an area of 
thickening in line with the duct Where no mass is palpable, stroking 
the breast in its various segments will often assist in demonstrating 
the source of the bleeding The breast may be of the nodular type, 
in which case the difficulty of palpation will be increased 

Bleeding from the nipple must always be regarded as serious, and 
demands biopsy before a malignant tumor can be ruled out 

BENIGN TUMORS OF THE BREAST 

Fibroadenoma —This is the commonest benign tumor of the breast 
Ihe incidence is highest in patients between 20 and 25 years of age 
It IS occasional!} found in women after the menopause Clinical ex- 
amination reveals a very firm mass with smooth or lobular contours 
Because it is encapsulated, fibroadenoma is the most mobile of all the 
breast tumors Diagnosis jn younger individuals offers little difficultv 

n the older age groups, solitary cjsts and carcinoma must be ruled 
out A fibroadenoma, if not removed, will increase in size and is liable 
to undergo malignant degeneration 
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CANCER OF THE BREAST 

Cancer of the breast is second only to cancer of the uterus among 
malignant tumors in the female Approximately 75 per cent of mam 
mar) cancers occur in tv omen over 40 years of age, and 65 per cent 
of cases show metastases to the lymph nodes at operation 
There are, unfortunately, no early subjective symptoms m cancer 
of the breast In 90 per cent of cases the patient becomes aware of 
the lump in the breast by its accidental discovery Only 10 per cent 
complain of pain as an early symptom This is never severe, but more 
in the nature of a discomfort The pam of chronic cystic mastitis is 
always worse during the premenstrual period In cancer, unlike chronic 
cystic mastitis, there is no exacerbation Pain is more often a symptom 
of larger growths 

Only 30 per cent of patients seek advice m from one to three months 
after the discovery of a lump m the breast 
Such classical features as a firm, single lump, showing fixation re 
traction or depression of the nipple, involvement of the skin, and 
palpable axillary nodes, denote an advanced lesion m which the pos 
sibility of cure is remote 

Cancer may develop m any part of the breast, though the upper 
outer quadrant is the most common site With very few exceptions it 
IS a solitary lump, which grows diffusely from its point of origin It 
infiltrates and therefore becomes fixed, with the result that there is 
dimpling of the skin, or, if one or more of the larger ducts are in 
volved, there is a change m the direction or a depression of the nipple 
A serous or a seropurulenc discharge from the nipple ma) occur in 
carcinoma, but this is not an early symptom as a rule 
The first sign of cancer may be the presence of rxillary metastases 
or a spontaneous fracture from more diffuse metastases The primary 
tumor may be small, and in large obese breasts, even on careful palpa 
tion, It may not be detected 

The setrrhous cancer is the most common pathological type Owing 
to the greater proportion of stroma to epithelium, it is hard, and when 
incised it cuts with a gntty sensation The cut surface is grayish in 
color with > ellow ish areas of necrotic cell masses scattered through 
out 

The less common variety is the medullary cancer, a soft, v ery cellu 
lar growth This type is rapidly growing and the first sign is often 
the presence of metastases The acute carcinoma is an example of the 
medullary variety It generally develops during lactation. The growth 
IS so rapid and the enlargement of the breast so pronounced that it is 
often mistaken for an acute inflammatory condition 

Other vaneties of breast cancer are adenocarcinoma and tntraditct 
or comedo cancer, both of which are of relatn ely low malignancy 
The 7 iiode of spread in cancer of the breast is by way of the lym 
phatic V essels The axillar> nodes are usuall) involved first, though a 
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lesion m the medial part of the breast may cause earl> involvement 
of the mediastinal nodes The li\cr and abdomen are invaded by an 
extension along the round ligaments Cancer cells may spread also by 
way of the blood stream These cells reach the venous s>stem either 
b> way of the lymphatics or by direct extension into a v ein The 
lungs and bones are the sites m which blood borne emboh commonl> 
lodge As stated prev iousl> , di^emmation ma> occur at any stage of 
the disease, and therefore the importance of detailed general examina- 
tion and roentgenological study cannot be overemphasized The pres 
ence of distant metasrases precludes i radical operation 


PAGET S DISEASE OF THE NIPPLE 

The earliest manifestation is a tiny pm point of superficial ulcera 
tion of the nipple This will increase to a chronic ulceration of the 
nipple and the surrounding areola In early cases a fine cord ma> , on 
careful examination, be felt proceeding into the substance of the 
breast, and, if this be situated towards one edge of the nipple, the 
latter is retracted and tilted toward the same side 

Manipulation ma> cause blood to exude from the orifice of the in 
volved duct, in addition to the scrosangumcous ooze from the ulcer- 
ated surface 

There is still much difference of opinion as to the exact nature of 
this lesion The consensus is that the primary lesion is a carcinoma 
usuall) intraductal, which growing along the duct, approaches the 
surface and infiltrates the deeper lasers of the skin The replacement 
of the normal shin covering leads to superficial ulceration The cancer 
does not necessarily reach the skin at the site of the nipple only It 
may, b> lymphatic extension reach the skin in any part of the 
breast and give rise to a Paget s eczema m that area 
In advanced cases the palpable mass deep to the ulcerated area 
offers little difficulty in diagnosis 
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angiography— AN EVALUATION OF ITS USEFULNESS 
Arthur H Blakemore, M D * 

Perhaps we owe most to R dos Santos^ whose ingenious and prolific 
effort has done much to stimulate interest m the technic of making 
the vascular system visible by t-ray Space will not permit an attempt 
to document or e\aluate the many notable contributions to this im- 
portant field but an attempt will be made to discuss some of the 
outstanding benefits of angiography 

CLINICAL BENEFITS OF ANGIOGRAPHY 
Because of their relatively low toxicity and rapid elimination the 
iodides are favored as contrast media for the x ray visualization of 
the vascular system Of this group diodrast is a popular compound in 
America 

Cerebral Angiography— It is indeed a compliment to the many con- 
tributors to angiography to state that m the short number of years 
since Its beginning it is now possible to obtain excellent pictures of 
any portion of the human vascular $>stcm Technics have been evolved 
making the safety of angiography in any region entirely commen 
surate with its diagnostic importance in given instances This implies 
that cerebral angiography should not be employed on the slightest 
provocation but it does mean that when there is a question of serious 
doubt in diagnosis the cerebral vessels can be visualized safely to rule 
out, for example, the presence of an arterial aneurysm We have cm 
ployed angiography of the vessels of the head to localize more accu 
rately the site of a traumatic arteriovenous fistula In cases of 
congenital arteriovenous aneurysm of the cerebral vessels important 
information may regularly be gained from angiography 
Aortography.— Serial Contrast Method —The right common carotid 
artery has been used for retrograde visualization of the arch of the 
aorta emplojing a long, flexible needle with a tapered blunt stylet 
Visualization in sequence by x ray of the superior vena cava, heart 
chambers, puImonar> \ essels, aorta and branches following the rapid 
introduction of 70 per cent diodrast m an arm \em represents a truly 
great achieveipent in angiography The technic for carrying out this 
method was masterfully achieycd ind nieticulouslj presented b> the 
originators, Robb and Sternberg*’ These investigators reported a 
sufficiently substantial experience to leave no doubt as to the safety, 
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practicality and ^\orth of the procedure, all of ■which has been ade- 
quately corroborated by others 

Applications —\vi cardjo\ascular disease the above method of con 
trast roentgenography has given a degree of precision in diagnosis 
previously unattainable It may aid in the diagnosis and treatment of 
the various types of mediastinal disease The most striking results are 
obtained, however, in disorders such as aneurysm of the pulmonary 
artery, aortic disease, and pericardial and congenital abnormalities in 
which recognition is difficult or impossible with conventional methods 
of study Whereas the technic of carry mg out serial contrast roent- 
genography following opacification is exacting, proficiency in the 



Pig 185 -An X ray of the heart made in the left anterior obi que position three 
seconds after the intra>cnous injection of 5S cc of 70 per cent diodrast m the 
right median cubital \cin 

procedure can be readily acquired through training and practice, and 
successful performance should be tv ithm the capability of every 
medical center 

Figure 185 is an x ray taken three seconds after the rapid introduc- 
tion of 35 cc of 70 per cent diodrast m a vein of the right arm 
Opacification of the aortic arch is apparent m profile The fact that 
the diodrast has made the aorta and its upper branches visible three 
seconds after injection is proof simple of the existence of a perforate 
wtratentricular septtnn The right auricle and right and left ventricles 
are seen to be filled with diodmst— a further proof of the presence of 
a perforate intraventricular septum The intraventricular septum (see 
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arrows) separates the right ventncle from the smaller left ventricle 
below but IS incomplete above leaving a large defect The dextroposi 
tion of the aorta is to be noted This is a case of tetralogy of Fallot 
in a twenty-one-year-old boy Failure in visualization of the pulmo 
nary artery suggests the presence of pulmonary stenosis Failure in 
visualization of the pulmonary artery likewise suggests the absence of 
a patent ductus 

Satisfactory visualization of the arch of the aorta for the diagnosis 
of aneurysm or patent ductus has been attained by the retrograde 
injection of a contrast medium through the right common carotid 
artery or the right brachial artery 


Fig 186 An X rjy of the heart taken in sight left anterior oblique postion 
showing opacification of the aorta following the rapid introduction of 35 cc of 
70 per cent diodrast through a needle m the ascending arch 

Perhaps the best aortograms have been made by dos Santos and his 
co workers These investigators have perfected a pressure apparatus 
and special technic for the rapid injection of the radiopaque medium 
directly into the aorta with a needle 

I have found aortograms extremely useful in checking the degree of 
clotting avithm aneurysms when employing the electrothermic method 
of coagulating aneurysms® 

Figure 186 is an x ray of the heart and aorta taken in slight left 
anterior oblique position immediately following the direct injection of 
70 per cent diodrast Note the position of the needle m the aorta The 
soft tissue shadow outlining the margin of a large saccular aneurysm 
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of the ascending arch can be made out. The distance from the soft 
tissue margin to the wire seen within the aneurysm represents the 
amount of clot within the aneuiysm before the introduction of wire. 
Observe the concentration of wire along the lateral wall of the as- 
cending aorta proximal to the aneurysm. Also note diversion of the 
column of diodrast to the opposite (medial) side of the ascending 
aorta where, at the level of the aneurysm, the column of diodrast cuts 
across the mouth of the aneurj’sm failing to enter the mouth of the 
aneurysm. Complete, brimful clotting of the aneutysm^ was inter- 
preted in this case on the basis of the absence of opacification between 



Fig, An x-ray of a saccular aneurysm of the descending thoracic aorta 

uken in the anteroposterior position. Visualization of the aorta and the unclotled 
portion of the ancur)sm was attained following the rapid injection of 35 cc. of 
70 ptt cent dindiast imo the aona tViiougli a needle 

B, Another x-ray of the same case follon mg the introduction and heating of 
more wire in the aneur)'sm. 

the interstices of the wire along the mouth of the aneurysm. The 
patient died six years later of pneumococcic pericarditis complicating 
a severe pneumonia. Necropsy revealed complete clotting of the 
aneurysm. The dotted line noted in the picture m as placed as a guide 
to the margin of the column of diodrast. 

Figure 187, A and F, represents aortograms in a case of saccular 
aneurysm of the descending thoracic aorta. Figure 187, A, is an x-ray 
following visualization of the aorta by diodrast taken at the conclu- 
sion of a first stage wiring operation. The dotted line calls attention 
to the e.xtent to which diodrast entered the mouth of the aneurysm 
and hence the degree of clotting. Figure 187, B, is a diodrast visuaUza- 
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tion of the aorta in the same case made following the introduction and 
heating of more wire m the r^ion of the mouth of the aneurysm 
The dotted line indicating the maigin of the diodrast reveals a slight 
bulge of the diodrast towards the aneurysm but this is very little more 
than the outward bulge of the aorta wall at the same level directly 
opposite We may interpret the above as meamng that the aneurysm 
following the second stage wiring is approvimately completely clotted 
Note the outer margin of the wire far away from the aorta indicating 
the large size of the aneurysm 



I g ISS An a teropostcror x of the abdomen taken foIJo *ing the li 
injection of 3S cc of d odrasc into the lover thoracic aorta through a needle 
Note the fusiform aneury-sn of the abdominal aorta across the upper pole of which 
courses the d odrast into the renal arteries The rest of the aneurysm is opacified 
by wire withm it 

Figure 188 is an x ray made follotving the direct injection of 35 cc 
of 70 per cent diodrast into the lower thoracic aorta This patient 
had a syphilittc fustfonn anetirysni of the abdominal aorta The aorta 
begins to broaden immediately below the origin of the coehac axis 
and superior mesenteric artenes The renal arteries come off the upper 
third of the fusiform aneurysm The problem m this case was to ob 
literate the aneurysm but maintain the renal blood flow The case 
was a supreme test for the selective clotting by the electrothennic 
method Total occlusion of the aorta distal to the renal arteries was 
attained in two operatite stages approximately three months apart 
by using a great quantity of wire in the lower pole of the fusifomi 
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aneurysm In the upper pole of the aneurysm just the right number 
of segments of ^\lrc ^ve^c introduced nnd heated (based on rate of 
blood flow measurements) to secure clotting right up to but not 
including the renal arteries The dotted lines illustrate the diodrast 
column going out through the reml arteries Opacification by the 
uire outlines the width of the fusiform ancurssm inimediatcK 
below Note that the w ire narrow s dow n to indicate a normal width 
of the aorta just proximal to the bifurcation The bifurcation is not 
visualized by diodrast as etidence of complete obstruction of the 



Fig 189— The X ra) on the left shows wire coiled m the popliteal space On 
the right is an aneriogram of the popliteal artery and a fusiform aneurysm of 
same The injection of 35 per cent diodrast was made directly into the upper 
pole of the aneurism 

aorta Unfortunately, slight motion on the part of the patient nearly 
ruined this x-ray The arrow directs one’s attention, however, to one 
very large collateral vessel going doAvn the right side posteriorly It is 
of interest that this patient has remained totally symptom free nearly 
seven years since operation For over five years we could not appre- 
ciate any pulsation o\er the femoral arteries He works as a Pullman 
porter 

Artenography of Arteriosclerobc Penpheral Arteries -Figure 189 pre- 
sents x-rays of the popliteal region of the legs in an eighty-year-old 
man The x-ray on the left shows -wire m the popliteal space This 
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represents a t\\ o-stage occlusion (the operations were done three weeks 
apart) of a ruptured arteriosclerotic popliteal aneurysm treated by 
wiring and electrothermic coagulation The arteriogram on the right 
reveals a fusiform arteriosclerotic aneurysm of the popliteal arterv 
of the other leg before the introduction of wire The aneurysm and 
with It the popliteal artery ere closed off successfully m this instance 
over a period of three weeks, employing the electrothermic coagula 
tion method in three operative stages This old gentleman enjoyed 
the use of both of his legs for some two years until he died of apo 
plexy Note the extreme angulation of the popliteal artery just prox- 
imal to the aneurysm, and at the level of exit of Hunter’s canal This 
represents elongation of the arteriosclerotic artery and may be a factor 
contributing to the frequent history of sudden rupture of arteno 
sclerotic aneurysms of the popliteal artery The history of rupture 
following sudden quadriceps action, as for example, rising from a low 
seat, squat position or attempted reco\ery when put off balance with 
the knees flexed, is common Sudden violent quadriceps muscle action 
would tend to ngidify Hunter’s canal with perhaps the creation of a 
“xvater hammer” effect on the pulse wave which ifiay be transmitted 
full force, to the tortuous, angulated popliteal artery which lies un- 
supported in the popliteal space 

Arteriography of arteriosclerotic peripheral arteries should not be 
dismissed without a word of caution It should be remembered that 
all the radiopaque substances emplo>ed in angiography are irritating 
to the vessel wall— some more than othere Though it may be claimed 
that the irritation is insufficient to cause enough direct damage to the 
mtima to serve as a localizing focus for the initiation of a thrombus, 
the substances all do cause vasospasm The latter may, m the presence 
of arteriosclerotic intimal plaques, be just sufficient to initiate throm- 
bosis in the distal branches of the artery 

Some observers in the early days of angiography suggested the 
method as an aid in revealing the adequacy of collateral branches 
around areas of obstntcuon Arteriography for this purpose is, in my 
mind, dangerous, and furthermore, because of the superimposed 
vasospasm, it is not particularly informative We have other methods 
equally accurate for determining the adequacy of collateral circu- 

Angiography In Arteriovenous Fistula —Perhaps the most informative 
and certainly the most interesting application of angiography is m 
cases of arteriovenous fistula— congenital or acquired Whereas m 
congemtal fistulas, which are almost invariably multiple, the angio 
gram may not always show up the actual fistulas, it is nevertheless 
sufficiently localizing to be an important guide to surgical therapy 

Figure 190 is an angiogram of the hind vessels in a case of con 
gemtal arteriovenous fistula in a 74 year old woman The arterio- 
venous communications were numerous, localized to the ring finger 
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Fig 191 —An angiogram of the femoral \essels following the injection of 35 pei 
cent diodrast into the femoral arter> 
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area The most interesting feature m this case is the exclusive involve 
bent of branches of the radul arter> Though the brachial artery was 
injected with diodrast, the ulnar artery could not be visualized, indi 
eating a preferential flow through the low resistance fistula circuits 
connected with the radial arteiy 

Figure 191 is an angiogram of the thigh m a boy of 11 years with 
overgrow th of the leg Whereas in the upper third the femoral artery 


Fig 102 Arteriograms following the inictton of per cent diodrast int 


years after operation 

and vein are superimposed owing somewhat to the angle at which 
the x-ray was taken, lower down the two vessels are separated the 
smaller being the femoral artery The two large beaded areas repre- 
sent fistulous sites— the \em being particular!) ballooned at these 
sites Some twelve months subsequent to excision of the two fistulas 
above noted, two bruits were heard— one low behind the knee and the 
other m the upper calf r^ion Excision of these has apparently re 
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suited m a cure Now at IS \ear5 of age there is very slight dispro- 
portion in size and length of the legs 
Figure 192 presents arteriograms of the legs in an 11 year old girl 
The x-ray on the left is the normal leg The \-ra> in the middle is of 
the o\e^gro^^n leg The x-ra>s wctc taken at the same target-tube 
distance The arrows in the middle film point to the area imolved 
Compare the increased \asciilarit) of this area with corresponding 
area m the normal leg This case differed from the two preceding 
cases in that the arteriovenous fistulas were so minute as to cause no 
audible bruit over the site The posterior tibial arte^^ was consid- 
ered to be the feeder to the invoUed area because it measured ever 
so little larger than the posterior tibia! artery of the normal leg, and 
because the pulsation over the posterior tibial artery in the involved 
leg seemed greater than in the normal leg Because of the companionate 
system of arterial supply in the leg below the knee we chose a unique 
if not heroic form of therapy for the eradication of the nest of 
multiple artenoaenous fistulas m this child The upper tibial artery 
and the lower tibial artery were exposed and occluded with a double 
turn of umbilical cape Two cubic centimeters of 30 per cent sodium 
salicylate were then injected into the occluded tibial artery just distal 
to the proximal occluding tape Blood flow was reestablished through 
the artery by removal of the tapes after one minute Postoperatively 
\esicuIation and superficial ulceration occurred in a port-wine area of 
the skin overlying the arteriovenous fistula region After complete 
healing had taken place and the child xvas up and about an amazing 
improvement m the appearance of the soft parts m the affected area 
had taken place In addition to considerable reduction in size of the 
soft part overgrowth the overlying skin, the scat of diffuse capillary 
angiomas, w as no longer blood red in color Over the period of a year 
there was progressive reduction of soft part mass and fading of the 
skin toward normal 

The x-ray on the right m Figure l92 is an arteriogram made approx- 
imately ttvo years after operation This picture unfortunately was 
taken at a different tube-target distance from the others The arteries 
are well outlined, howeter, and one may note at the arrow O at 
the upper end of the picture the former site of the posterior tibial 
artery The arrow below marks a constricted vestige of the artery 
Between these nvo markers the posterior tibial artery and all its 
branches, including the arteriovenous fistula area, have been com- 
pletely wiped out What arterial branches there are present can defi- 
nitely be traced across the leg to the well visualized anterior tibial 
and peroneal arteries 

The exact explanation of overgrowth of the extremities in children 
having arteriovenous fistula js not known Whereas the skm tempera- 
ture difference may be more marked between the normal and the 
affected limb over the region of the fistulas, usually the temperature is 
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lig 194 -Arteriognm of the brachial ancry demonstrating a patent ^em graft 
anastomosts empIo)ing uvo \iTaUiuiR tubes 



Fig 19a -Arteriogram of the femoral aneiy demonstrating the patenc) of a >cin 
graft inlay employing vitallium tubes m a restorative endoaneurysmorrhaphy 
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patenc> of a % ein graft anastomosis of the femoral aner>\ There is some 
angulation of the a ein graft— a result of redundancy This is a case of 
syphilitic aneurvsm in uhich a restorative endoaneurysmorrhaphy 
uais done employing a vein graft inlav mounted on two Mtalluim 
tubes The anastomosis is still patent 8 months since operation 
At this point I wish to call attention to a recent error on the part 
of Murrav and Jones'* in classifying the Pavr method of arterial anas- 
tomosis with the nonsuture method of vein graft anastomosis^ of 
arteries emplov ing v itallium tubes m respect to the follow ing * the 
effect of rigid metal or other material when applied as a circumference 
around an artery as demonstrated in Pavr’s clips and more recentlv 
in the Blakemore" tubes ” To employ mv name in the use of v italhum 
tubes around arteries is a gross misquotation of fact The reference 
given in the above quotation is to a recent article by me in which I 
described and illustrated a nonsiitiire method of vein graft anasto- 
mosis of aneries employ ing v italhum tubes We use the tubes on 
either end of a vem graft The vein ends are cuffed over the v italhum 
tubes and are secured bv a single fine silk ligature The vein covered 
ends of the v italhum tubes arc then introduced into the cut ends of 
the artery , cannula fashion and secured bv a holding ligature From 
this description and/or reading anv one of our five papers on the 
subject It IS apparent that the artery is neither encircled by the vital- 
hum tubes nor m direct contact w ith them 
In our original commumcation* we emphasized the importance of 
avoiding the use of irncanng, nonyiclding substances m pressure 
contact with the artery wall Vitallium was selected because of its 
nommcating qualities and the rubes are so designed that the vein graft 
funnels gently into the tubes In our entire experience, both clinical 
and etpenmental pressure necrosis of the vessel wall (artcrv' or vem) 
has never been observed Furthermore, secondarv hemorrhage oc- 
curred but once and that in a dog The hemorrhage m this instance 
was obviously due to bacterial necrosis about the holding bgatuxe 
permitting the proximal end of the artery to slip off the vein-covered 
vitallium tube Twentv four hours before the performance of the 
anastomosis the femoral artery was secooned and ligated, the wound 
was left open and no sterile precautions were taken 
A senes of v ein graft anastomoses using the Carrel suture technic 
were performed six hours after unsienle section and ligation of the 
femoral artenes Only 10 per cent of these anastomoses were success- 
ful and secondary hemorrhage occurred in 40 per cent of the expen- 
ments With the combmed use of debndement and the sulfonamides 
both locally and orally, however, the percentage of successes using 
the V em graft suture technic was boosted to 40 per cent in open, dirtv 
tw enty -four hour old w ounds But in a senes of tw entv four hour old" 
open, dirt) wounds the same measures afforded 85 per cent successful 
anastomoses using the nonsuture vein graft technic 
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We did not employ anticoaguhnts in our experimental work Our 
results (40 per cent successes) with xein graft suture anastomoses of 
dogs’ artenes performed through twenty four hour old open dirt\ 
wounds are not m accord with those of Murray’ Murray reported 
100 per cent failure of vein graft suture anastomosis of the carotid 
artenes of dogs performed in clean wounds under aseptic precau 
tions when he did not use hepann 

Opportunities to test the efficiency of arterial anastomosis m badly 
contaminated wounds in peacetime are not abundant We base been 
successful with the vein graft \itallium tube technic m the only two 
cases w e have had Meticulous debridement chemotherapy and 
heparinization were of course employed m these two cases It would 
seem from reports of the returning surgeons that heparin (in anv 
form) was not made available for use in blood vessel surgery in our 
armed forces Whether the Russians used this valuable adjunct in 
this war I am not certain Kilhan * reporting on a large series of cases 
in the spring of 1943 makes no mention of heparin Tt is of extreme 
interest however that this Russian surgeon operating under the ad 
verse conditions of a field hospital performed seven vein graft anas 
tomoscs of damaged arteries eniploving the suture technic He de 
scribes the results as completely successful in five cases and partly 
successful in the remaining two cases Tliough this Russian surgeon 
may not have emplojed hepann it seems likeK that he did use effi 
cient chemotherapv and pract cilU certain that he made a thorough 
debridement Furthermore it is highly probable that his patients re 
ceived excellent treatment for shod From anv angle the above results 
are excellent and show what can be accomplished with blood vessel 
anastomosis in the wounds of modern warfare 

VENOGRAPHY 

There are occasions m which v enography is extremely useful I am 
not in favor of its use however m cases of acute thrombophlebitis 
or phlebothrombosis of the extremities It seems to me its greatest 
usefulness is m determining the adequacy of the deep venous system 
of the leg m old postphlcbitic cases In such cases it may be desirable 
to strip the great saphenous vein because of vancosities or to do a flap 
dissection for ligation of the perforating branches 

There may be cases of inferior t em cava! obstnicfron in w hich it if 
desirable to know the exact level of the obstruction Or m cases of 
obstruction of the great veins in the thorax venographv is useful 

Figure 196 is a venogram showing obstruction of the axillary vein 
at the level of the border of the scapula This muscular young man 
was shoveling gravel from beneath the surface of the water when fus 
shovel suddenly became caught beneath a rock on the up stroke It 
seems that the sudden violent contraction of the arm muscles w ith at 
the same time holding his breath may have forced blood up from the 
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arm re.ns suddenh into the unprotected (from surrounding support) 
axillary \em The latter in mm could not cmpt> quickU because ot 
increased mtrothoracic pressure, the result being oxerdistention caus 
mg a tear in the intima of the a\illar> rein A tear of the intima uith 



Fig 196 —A venogram of the brachal and axillar) terns following the injection 
of 35 per cent d odrast m the medun tern 

resulting spasm u ould form an ideal setting for thrombosis It is u ell 
knoxvm however chat in man\ cases of so called traumatic throm 
bosis of the axillar) vein there is no such historj of violent muscle 
effort and forced respiratory arrest 

SUMMARY 

Some of the important applications of angiographv have been dis 
cussed and illustrated In conclusion it ma> be stated that technics of 
•vngiograph) have been achieved to make the method of real value in 
the diagnosis and treatment of cardiovascular diseases 
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CONGENITAL ARTERIOVENOUS ANEURYSMS 
OR FISTULAS 

Grant P Pennoaer, M D , F A C S * 


pathology 


A MOST fascinating subject is a long recognized though relatively 
rare condition described under various cities such as cirsoid or race- 
mose aneurysms, arterial angiomas, and congenital arteriovenous aneu- 
rysms The true nature of the condition, which is an arteriovenous 
fistula uith Its sequelae, is not generally understood Virchou de- 
scribed the lesion nearly a century ago as a mass of thin-\\ ailed \ es- 
sels distended with arterial blood like a pile of pulsating earthworms 
Chmcally the aneurjsm presents itself as a pulsating tumor over which 
a loud continuous bruit is heard with a stethoscope and a thrill is 
palpable These masses connect with large hypertrophied arterial 
crunks and consist for the most part of thm*\\ ailed, dihtcd, tortuous 
vessels containing arterial blood under arterial pressure, and emptying 
directly into the venous system through multiple channels They occur 
most frequently in children or young adults I beliet e that they are a 
result of large congenital artenot enous fistulas, although trauma at 
times seems to be a factor Thc> are most common around the head, 
neck and upper extremity, but may occur anyuhere One of my cases 
occurred in the lumbar region, another m the buttock 
The condition is progressive and destructive, leading occasionally 
to the erroneous conclusion that it is a malignant hemangioma Due 
to some not well-understood stimulus resulting from the large arterio- 
venous fistula, there is tremendous increase of all vascular elements 
There is real hyperplasia of endothelial and mtimal tissues, gi\ing them 
a microscopic picture simihr to a true tumor Esiing described them 
as partial tumors The reason for this growth of vascular tissues is not 
clear Some of the extensive progressn e venous dilatation and tortuos- 
ity may possibly be explained on the basis of the increased pressure 
in thin Mailed xeins, a phenomenon similar to the development of 
extreme varicosities m the lower extremity under the influence of 
hydrostauc pressure The whole process is much more complex than 
that There is a true overgrowth of endothelial and intimal cells in 
addition to a very marked hypertrophy of all adjacent vessels and the 
entire collateral circulation 

The interference with the normal capillary circulation resulting 
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{com the shunting of quantities of sncrisl blood directly into 
the vems is a factor Anoxemia xvjth accumulation of the end produce 
of metabolism m the tissues is a great stimulus to increased vascularity 
I believe this is the most important stimulus m the development of 
any collateral circulation Within themselves, the tissues hate some 
mechanism of adjusting their vascobr supply to their metabolic needs 
It IS my observation that any aitenovcnous fistula or aneurysm con 
stitutes the strongest stimulus known to the development of collateral 
circulation It is natural that a fistula occurring in the fetal period or 
at a time of rapid growth and xascular deAclopment would show a 
greater increase m all vascular elements than a traumatic case 
Another phenomenon which may lead to the erroneous conclusion 
that the process is s mahgnanr neoplasm is their desrructne nature 
They will imade through muscle, fascia and even bone adjacent to 
them I believe this is simply a matter of the arterial pressure within 
them, a phenomenon shared by all aneurysms 
The dilaration and actual h> pcrrrophj of rlic afferent arteries pcox 
imal to the lesion and the efferent % ems is stnl mg This process js 
also noted in the traumatic arteriovenous fistulas to a lesser degree 
In a case of invasion of the arm the entire subclatian artery Aias 
nearly three times as large is the normal subclaiian arrerj on the other 
side Even after the fistula has been successfully eradicated, there are 
often remaining increased local vascularity accentuated pulse and ele 
vated skin temperature Perhaps this is all simply a work hy^jcrcrophy 
phenomenon but the exacr mcchamsm of its development is an in 
trigumg problem 

DIAGNOSIS 

Differentiafion from Malignant Neoplasm —The sharp distinction oJ 
all these processes from a malignant neoplasm is important to rccog 
nize m order to institute successful treatment I hive seen several ol 
these cases treated by radiation after pathological diagnosis by biopsy 
of tissue Radiation will not help this condition and may harm the 
tissue already suffering from damaged capillary circulation I have 
seen very little beneficial effect from sclerosing agents as in the case 
of capi]hry and cavernous hemangiomas 
When one coiisiders the embryonic development of the srtsrics and 
veins from a common capillary plexus, and the proximity of the large 
crunks It is surprising chat afanormal communications between them 
are not more frequent Small fistulas may be very common The usual 
capillary and cavernous hemangiomas may be examples of such fis 
tufas, as claimed by Mont Retd and others The more one studies the 
hemangiomas the more attractive this theory becomes 
Clinical Oiagnons —The clinical diagnosis of these cirsoid or race 
mosc aneurysms is easy if one is acquainted w ith the condition The 
idiopathic pulsating tumor over which the loud continuous bruit n 
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heard by the stethoscope is usually enough The patient is generally 
a child or young adult A thrill can be felt as a rule It is more local- 
ized than the bruit, and is the best guide to the exact position or the 
fistula The adjacent increased \asculafit>, the marked dilatation of 
the \eins of the surrounding area, the elevated surface temperature 
are all usualK quite apparent The tumor is compressible, hut will 
rapidl) refill after remov e of the pressure Some of the e\trcmit\ 
cases show some embarrassment of the distal capillary circulation ev cn 
to the point of necrosis and local ulceration but the circulation in 
most of them has compensated for the difficulty This varies with the 
size of the fistula and the development of collateral circulation, as in 
the acquired traumatic arteriovenous aneurvsm None of these cases in 
m) experience has shown the heart lesions described in large acquired 
fistulas Apparently the congenital development gives the heart time 
for complete adjustment which spares it any damaging effect Man> 
interesting studies can be made m these cases, such as \ nj s after 
mtra arterial injection of radiopaque material determination of the 
OX) gen content of the venous blood, circulation time, et cetera, but 
I think they add little to the diagnosis which is certain bv much 
simpler methods 

SURGICAL TREATMENT 

Surgical Affack Imperahve — The tremendous vascularity of these 
lesions IS very disturbing to the surgeon, but these cases demand sur 
gical attack The condition is dangerous to life and limb The process 
slowl) progresses involving a larger and larger area More and more 
veins become distended with arterial blood under arterial pressure 
shunting more and more blood directly from the arterial to the venous 
system At the same time the hypertrophy of the vascular tissue ele 
ments already mentioned proceeds and the tumor increases m size 
The pressure necrosis of surrounding tissues causes more and more 
trouble, giving nse to nerve, muscle and bone damage The embar- 
rassment of the normal capillary circulation distal to the lesion is an 
important consideration No possibility of normal regression exists No 
other treatment is of any avail and suitable surgical treatment vmst 
be instituted 

Operative Approach —This demands careful study and understand 
mg of the lesion Attempt at simple surgical excision as of an ordinary 
neoplasm is almost certain to be a disastrous failure The innumerable 
dilated tortuous, thm walled venous channels under full artenal pres 
sure make the control of hemorrhage almost impossible With ev ery 
stroke of an instrument, anerial blood spurts forth and there is fre- 
quently no definite vessel to clamp and tie m the orthodox manner 
ouch attempts at surgical excision usually result in failure, hasty pack- 
ing of the wound repeated blood transfusions and an exsanguinated 

Datipnc ® 
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Correct Surgical Procedure —Control of the mam arterial trunk or 
trunks to the lesion is essential to successful surgical attack, and thev 
should be exposed before disturbing the pulsating tumor It is U'ell 
recognized that n ts dan^erour and futile swiply to ligate a mm 
artery to an extranity proxnntl to an arteriovenous anemysm With 
the distal capillary circtilacton already embarrassed by the shunt, one 
is inviting distal circulator) calamity despite a well developed col 
lateral circulation One of my upper extrcmttv cases had developed 
gangrene of fingers subsequent to such a procedure Some of the cases 
do not present any such problem and the arteries may be tied fonh 
with A cirsoid ancur> sm of the lumbar region and another of the 
buttock are nvo such examples Ligation of the afferent artenes and 
efferenr veins accompltsbed a cure m rhesc two cases with no sur 
gical excision of the tumor m one case, and only partial excision in 
the other 

In two upper extremity cases exposing the subclavian artery b> 
dividing the clavicle has been a preliminary to a successful surgical 
approach Traction bv sn assistant on a hgaturc of heavy braided silk 
passed around the artery has been m my experience a safe and effee 
me way of tcmporani> occluding the anery With this forecaution 
and using the location of maximum thrill as a guide, one may be able 
to trace out the actual fistula In one of the following reported cases 
this fisraJa was from a large branch of the axillarj^ and the whole 
process could be safely and easily excised In another case the sub 
clavian artery had to be ligated, and the whole area subsequentlj 
amputated This case w as a long standing one which had already had 
extensive tissue damage and partial amputation resulting from mcor 
recc creaement under the impression that the disease w as a wahgaant 
neoplasm 

REPORT OF CASES 

I can illustrate some of these points li) briefly summarizing three 
cases 

CvsE I A A an American t>om J9 )rar old daughter of Italian parents fint 
noticed a pulsating Jump in her rij,ht pectoral region at H yearx of age She occs 
sionaliy had dull pain in this region and riic lump gradually increased until it uas 
about 10 by 12 cm m diameter In early 1938 an attempt vtas made to excise it. 
The -pat-itTrt vVit cr 7 icra.tKrtv \med t%\o and one Vtalf houts. and tlvat the iwt' 
for told her removal was impossiWc because of \ery severe arterial bsTOorrbage 

The patient first came to Slcinorwl Hospital on the service of Dr George Pact 
on October 26 1938 She o as admitted for stud> December 9 to 16 1938 Shepre 
sented at that time the findntc* characteristic of cusoid aneurjsms. She hid in the 
anterior pectoral region a lO b> 12 cm pulsating mass with a loud continuous 
bruit and thrill The pulses and curulanon of the right arm were normal Pres 
sure on the mass hard rnough ro congress it would malce jt almost disappear 
Numerous studies were made including an attempt at diodrssc visualization, car 
bon dioxide studies of the v cnous blood of the tvs o arms heart tracings ec cetera 
Blood aspirated from the sncnrjsm was arterial *n nature but everything else 
was normal Diodrast injeaion was unsatisfactot) 
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The patient was finallj admitted again to the hospital on tcbruar> 25, 1941, 
and I assisted Dr Gordon McXcer in an operation upon her on Februar) 28 A 
cuned pectoral incision was made below the clancle, so placed as to remote her 
old scar Before exposing the tumor the clavicle was divided with a Gigli saw, 
and the subclavian artery idenufied A tape ligature was passed around it, and as 
soon as the aner> was occluded by ttacoon on the ligature, all pulsauon disap- 
peared from the aneur)sm It was then a relattvel) simple and safe procedure to 
enucleate the entire tumor mass The feeding artery was one large trunb coming 
directly from the axillan’. The venous communications w ere more numerous The 
clavicle w as held in posiuon by a small Lane plate and the w ound w as closed 
The pathological diagnosis by Doctor Stewart w as a racemose or cirsoid an- 
cur)sm The patient is well now and I have no doubt that she will remain so 


CxsE 11 -C, P , a 29 year old prev iousl> v. ell, unmanied American bom factor> 
worker, was admitted to Roosevelt Hospital on April I, 1941. Nineteen months 
before she had fint noticed wealmcss and pam in her right thigh and leg The 
hmb became so weak that she could scarce!) bear her weight on ic and had to 
drag It The pain w as verj sev cre and ran down the front of the thigh to the knee 
' ' • ’ * • ' *r right low cr back 

* * i the sen ice of Dr 

■ ■ • • ‘ ‘ just to the right of 

the vertebral spines of the second and third lumbar vertebrae, and the charac- 
teristic loud bruit could be heard over it Roentgen examination showed a destruc- 
tive process of the articular facets, laminae and parts of tlie transverse processes 
of the second and third lumbar vertebra, limiteii to the nght side Considerable 
thickening of the right psoas muscle was also demonstrated The roentgenologist 
stated that the findings suggested a tumor of this region There w as distinct atroph) 
of the right thigh and some w eakmess of the qua^nceps femons muscles, but no 
actual paral) sis or areas of complete anesthesia There seemed to be some hj*per- 
csihesia of areas on part of the thigh The pulsating tumor of the nght lumbar 
region showed the characteristic bruit, thnlJ, dilated skm veins and hvperemia of 
the w hole region An attempt at local excision had ended disastrous!) m uncon- 
trollable hcmotcUagc Operation w-as urgent because of the marked pcessute necrosis 
of bone and lumbar plexus involvement 

The correct surgical attack necessitated isolation of the feeding arteries. The 
normal artenal supplv to this region is from the lumbar artenes, which are paired 
and come direct from the posterior surface of the abdominal aorta There arc 
tvv 0 directly m front of each lumbar vertebra exactl) as there are tw o intercostal 


artenes to each segment in the thoracic region The) are the main arterial supplv 
VO vhe posveiTOT paiietes, spinal coVurrm, and 'die bai^ muscles As liie second and 
third lumbar artenes lie behind the mesentet) , the pancreas, the daodenum, large 
vnsceral artenes, and the portal vein, et cetera, a transpcntoiteal approach was utterlv 
impossible, but a rcrroperitoneal approach was rclamely eas> Incision was made 
from the tip of the eleventh nb straight down to the iliac crest, and then cuned 
forward jusc above and parallel to the ingumal ligament. The external oblique, 
internal oblique and transversalis muscles and fasciae w ere div idcd This mcision 
enters the retropentoneal cleavage plane, which makes ic possible to lift the en- 
tire peritoneal contents and the lower pole of the kidney forward The quadratus 
lumborum and psoas muscles, the lumbar plexus, the uilenor v cna cav a and entire 
re^opentoneal region were exposed The lumbar artenes and veins were found 
enlarged to mm) times their normal size and the whole retroperitoneal region 
pulsated lumbar veins entering the inferior vena cava were heated firsthand 
divided This aUowed me to lift the mfenorvena cava forward and to expose the 
aorta- Four large tortuous lumbar artenes vnre found, each about OJ cm m 
^ as th„e ^vere ligated all pulsauon disappeared from the aneu- 
r>-sm which was embedded m the back muscles I sutted to enucleate the mass 
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but found It difficult because of scarring from the previous operation In addi 
tion, two large nerve trunks of the lumbar plerus passed directly through it The 
wound was closed without further surgery Bruit and pulsation disappeared at once 
The tumor disappeared and there is no recurrence now, after four and one 
half years 

C\SE III —A third cast illustrates some of the difficulties encountered if this con 
dition IS not properly undentood This man as a young boy noticed the pulsating 
tumor in the right neck He developed marked dilatation of the veins of the arm 
Attempts were made to occlude some of these laigc venous channels by sclerosing 
agents, and he svas given x-ray therapj Gangrene of the right forearm developed, 
and amputation it the elbow had to be performed Meanwhile the process in his 


I • . I 

• . I 

clavian ligation 

SUMMARY 

Racemose and cirsoid aneurysms, arterial angiomas and congenital 
arteriovenous fistulas are m m> experience the same condition 
They present themselves clinically as pulsating tumors m >oung 
people over which there is a loud continuous liruit and a palpable 
thrill There is a tremendous increase of vascularity in the whole 
region, and an elevated skm temperature There is hypertrophy of all 
vascular elements m pathological section This added to the progres- 
sive course and destructive action by pressure necrosis sometimes 
leads to a serious error m that they arc considered malignant neo- 
plasms 

The lesion is a serious one endangering the life and limb of the 
patient, and demands surgical cure 

Attempts at excision as of an ordinary tumor are almost sure to 
culminate unsuccessfully because of uncontrollable hemorrhage 
Successful surgical attack depends upon control of the mam arterial 
trunk or trunks to the lesion If the involved artery is the main arterial 
supply to an extremity, simple ligation is apt to result in gangrene, as 
in the case of traumatic arteriovenous aneurysms Attempts must be 
made to eradicate the fistula while the mam artery is temporarily oc- 
cluded If the blood supply to an extremity is not invohed, ligation 
of the afferent arteries and efferent veins ■will sometimes cure the 
lesion without excision of the tumor. 

The location of the thrill is the best guide to the location of the 
fistula Arteriograms, circulation tune and other studies have been in- 
teresting but not of much value m treatmg these cases 
Three cases are briefly reported. 


ANEURYSM OF THE ABDOMINAL AORTA 
Arthur H Blakemore, M D * 

PRINCIPLES OF SAFE AND CURATIVE SURGICAL THERAPY 

Recent advances m the surgical treatment of aneur> sm of the aorta 
sharpens the demand for early and accurate diagnosis of aneurv sm of 
the abdominal aorta Many years of experience with ligations of the 
abdominal aorta for aneurjsm have demonstrated long since the haz- 
ards and inefficiency of constrictive occlusion, in continmtv', of this 
great \ esseL 

Experienced surgeons are fully cognizant of the likelihood of sud- 
den death from hemorrhage due to pressure necrosis of the vessel w'all 
and/or a partial restoration of the vessel lumen following the use of 
unyielding constnctive agents Less hope for permanent occlusion of 
the abdominal aorta follows the use of fascia lata as a ligature matc- 
nal The latter is prone to stretch and has been known to disappear 
altogether A critical review of our total experience with ligation of 
the abdominal aorta prompted the late Dr Mont R Reid^ to state 
that, “Partial or gradual occlusion of the aorta by compression (con- 
striction) cannot succeed and should not be attempted This applies 
also to the use of partial constrictions proximal to a totall) occluding 
ligature ” 

Dr Mont Reid was the first to demonstrate experimentally that the 
dog’s aorta could be occluded in continuitv xvjthout interference xvith 
the circulation of the vessel wall This he accomplished successfullv 
by the introduction of a fascial plug into the lumen of the aorta, 
transfixing it to the vessel wall b\ through and through mattress su- 
tures This investigation xvas an important contribution because it 
serv ed to introduce the principle of endoartenal occlusion The hmit- 
ing factor in the climcal application of the method is the dangers of 
a one-stage occlusion of the aorta 
Brooks, Blalock and Johnson,® and oihen have pointed out that the 
immediate mortalic) and incidence of gangrene is so high in humans 
as to preclude the use of a one-stage occlusion of the aorta Granted 
that in the occasional case of a very large aneurysm of the abdominal 
aorta ansmg distal to the renal artenes, the stimulus to the develop- 
ment of collateral circulation ma> be adequate to support a one-stage 
occlusion of the aorta proximal to the aneurjsm But, the very sen- 

Depakene of Surgerj , Columbia Unn ersitv pk ^ ^ _ 
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ous question arises ■whether a collateral circulation of such briskness 
would not also insure the activity and subsequent growth of the 
aneurysm Whereas, pulsation m the aneurysm may cease following 
operation, as time goes on the diastolic blood pressure m the aneu 
r}sm will tend ro approximate the s>stol]c level in the aorta proximal 
to the occlusion and with it a return of the factor of strain upon the 
aneurysm sac The briskness of the collateral blood flow through the 
aneurysm w ould prevent complete obliteration of the sac by clot and, 
m time, the growing aneurysm would be subject to the vicious circle 
of increased strain upon a sac wall of diminishing strength The iden 
tical hemodvnamics would, of course, obtain in a two or more stage 
occlusion of the aorta 

Granted that proximal ligation may greatly retard the rate of 
growth, the above cited facts bnng to us the realization that the only 
safe and certain curative treatment for aneurism of the abdominal 
aorta embraces a two stage endoartenal occlusion of the aorta prox 
inial to the aneurysm with obliteration of the aneurysm sac Such a 
treatment for aneurysms of the aorta ansing distal ro the renal arteries 
is now an accomplished fact emplo>ing a winng method of endo 
arterial occlusion with obliterative elcctrothermic coagulation of the 
aneurysm The method has proved equally successful for arteno 
sclerotic or syphilitic aneur>sms of the fusiform or saccular variet> * 

Pathologists, over the years, have exhorted us against the explosive 
danger of the expanding abdominal aneur>sm '^cc where is the doc 
tor who has not, sometime m his career, stalked a case through a 
period of growth and contemplative horror until the end Earlv 
diagnosis and charting of the behavior of the oneuiysm now offers 
fresh hope when there is yet hope' 

RUPTURED ANEURYSM WITH RETROPERITONEAL HEMORRHAGE 

The ease with which the diagnosis of some aneurysms of the ab 
dominal aorta arc made and yet the difficulty m others is m the words 
of Osier, “conduciv c to clinical humility ” There is, for example, no 
disease more capable of precipitating a diagnostic dilemma upon the 
unwary surgeon than a “leaking ’ abdominal aneurysm The signs and 
symptoms of spreading retropemoneaf hemorrhage are ofeen con 
fused with acute intraperitoneal or even kidney conditions 

Karabin* has made an excellent presentation of the symptomatology 
of retroperitoneal hemorrhage in an analysis of nine cases It is of m 
terest that the hemorrhage w^s due to ruptured aneurysms of the 
abdominal aorta in seven of the nine cases It is of further interest 
that, though the diagnosis of aneurysm had been made, four of the 
seven cases were explored because in addition an acute intraperitoneal 
condition was suspected All seven cases had sudden onset of severe 
abdominal pain The pain was often generalized and colicky or local 


351 


ANEUR'iSM OF THE ABDOMINAL AORTA 

ized to either side m the lower abdomen Back pain was a frequent 
complaint and often the pain was referred into the legs Set ere tout- 
ing was frequently present The abdomen was tender and rigid at 
the onset but the rigidity usually diminishes with the onset of ileus 
ttt enty-four hours to fit e days later At t arj mg intert als of a few 
minutes to seteral hours after onset of the pain the patient feels faint 
and collapses During collapse there is usually marked pallor The 
blood pressure may be e\tremelv low and the pulse rate rapid In 
most instances an abdominal mass is palpable m which usually, but not 
always, pulsations can be detected Sometimes a bruit is heard oter 
the mass In the set en cases of ruptured ancurs sm of the abdominal 
aorta reported bt Kanbm the aterage age was 70 Generalized arterio- 
sclerosis was present in all seven cases and was considered to be the 
etiological agent 

It IS of eMreme interest to note that the duration of life following 
the Onset of hemorrhage in Karabin*s set en cases of ruptured arterio- 
sclerotic aneurysms of the abdominal aorta ateraged three to four 
days This is also in accordance with our own experience One is not 
likely to appreciate the full sigmficance of this because we are accus- 
tomed to associate rupture of an aneur>sm with immediate exitus of 
the patient since it so regularly follotvs m cases of aneurysm of the 
thoracic aorta— the more common tariety Whereas the explanation 
of this difference in clinical behavior is conjectural, its importance is 
tremendous and no doubt accounts for the fact that we are now able 
to sa\e some of these cases of “leaking” aneurysm of the abdominal 
aorta by early operation 

EARLY SIGNS AND SYMPTOMS IN THE DIFFERENTIAL DIAGNOSIS OF 
ARTERIOSCLEROTIC AND SYPHILITIC ANEURYSM 
In order that a greater number of growing aneurysms of the ab- 
dominal aorta may be offered surgical care at a time more faxorable 
to success It xvould seem worthwhile to review the early symptoms 
and signs upon xxhich the diagnosis of aneurism ma> be suspected 
In search of early signs and symptoms an analysis of t\\ enty-three 
cases of aneurysm of the abdominal aorta admitted to the Presbyterian 
Hospital was made S>philis x\as considered to be the etiological fac- 
tor m five of the twenty-three cases The a\erage age of the five 
patients xvas 43 years Arteriosclerosis was considered the cause of the 
aneur>sm in the remaining eighteen cases The axerage age m the 
arteriosclerotic group was 63 years In the latter group there were 
two females 

Anal>sis of the syphilitic and artenosclerotic cases was of interest 
m relation to the lezel of ongm of the aneurysms m the abdominal 
aorta In the syphilitic group of fixe cases the aneurysms arose aboxe 
the renal arteries m four In one case the renal artenes came off the 
fusiform aneurysm sac In four of the fixe cases the aneurysms were 
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end, the site of its bifurcation into the common iliac arteries With 
these anatomical facts m mind the abdominal aorta when it undergoes 
elongation due to arteriosclerosis must, of necessity, deviate from its 
normal course along the antenor aspect of the lumbar spine slightly 
to the left of the midline The elongated arteriosclerotic abdominal 
aorta invariably deviates anteriorly a short distance below the dia 
phragm usually just below the origin of the renal arteries This 
anterior deviation is so marked that it is not uncommon to see sizable 
fusiform aneurysms well anterior to the lumbar spine as demonstrated 
by x-rays taken in the lateral position Anterior displacement un 
doubredly contributes to the likelihood of palpating a pulsating mass 
and would seem to account for the rarity of vertebral erosion in cases 
of arteriosclerotic aneurysm of the abdominal aorta As would be ex 
peered with the elongated arteriosclerotic abdominal aorta, deviation 
to the right or left also occurs It is not uncommon, for example, to 
encounter a large arteriosclerotic fusiform aneurysm of the abdominal 
aorta presenting anteriorly and to the right of the lumbar spine An 
exaggerated left position of the aneurysm is, however, more common 

The X ray is an important aid in the diagnosis of artenosclerotic 
aneurysm of the abdominal aorta Though vertebral erosion was ex 
tremely rare in our series (occurring but once m eighteen cases), prop 
criy taken x rays will almost invariably enable one to outline the aorta 
and aneurjsm by visualization of calcium plaques m the vessel wall 
and ancur>sm sac and often calcified laminae within the sac maj be 
visualized 

A review of the eighteen cases of arteriosclerotic aneurysm of the 
abdominal aorta reveals that the correct diagnosis was made in sixteen 
of the eighteen cases, and the clinical behavior was such that fourteen 
of the eighteen cases came to gnef either from rupture of the ancu 
rysm (seven cases) or the development of intolerable symptoms from 
the aneurysms The diagnosis was confirmed by necropsy (eleven 
cases) or suigical exploration (four cases) 

PROGNOSIS 

A review of any substantial senes of abdominal aneurysm m gen 
eral reveals the disease as one m which death may be expected soon 
after the onset of symptoms Kampmeier® m a study of seventy-three 
cases of aneurysm of the abdominal aorta revealed that the majority 
of the patients succumbed within six months after the onset of symp- 
toms Death was due to rupture of the aneurjsm m the majont) of 
the cases (thirty-one of thirty eight cases necropsied) Nixon* re 
viewed a collection of 233 cases of aneurysm of the abdominal aorta 
m which the incidence of death from rupture was 65 per cent 

Our impression of the prognosis m cases of arteriosclerotic aneii 
rysnt of the abdovnnal aorta is likely to be somewhat distorted for 
the following reasons (1) The symptom of pain may be absent or 
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minimal for a longer period of time' after the onset of the aneurysm 
than 'v'c are accustomed to obsen’c in cases of abdominal aneur>’sm 
due to syphilis because of the extreme rarity of vertebral bone ero- 
sion. (2) The incidence of death from other causes during the interim 
is so much higher in cases of arteriosclerotic aneurysm when com- 
pared to syphilitic aneurysm of the abdominal aorta, which average 
twenty years younger, A review of Karabin s case reports and the 
clinical behavior of the eighteen cases of arteriosclerotic aneur>'sm of 



Fig 197.— An x-ra> of a wired fusifonn, arteriosclerotic aneurysm of the ab- 
dominal aorta Note the densely packed wire placed for obstructs e purposes in 
the aorta )ust proximal to the aneuiy’sm 

the abdominal aorta previously discussed should dispel any doubt as 
to the malignancy of the arteriosclerotic aneurysm of the abdominal 
aorta. 

In a given case of arteriosclerotic aneurysm of the abdominal aorta 
in which there is x-ray proof of expansion of the aneurysm, or the 
sudden appearance of pain, whether it he backache or combined lum- 
bar and abdominal pain, are warning of impending disaster. As has 
been previously emphasized, patients with arteriosclerotic aneurysm 
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of the abdominal aorta which have begun to rupture do not usually 
succumb until t^vo to four days after onset of retroperitoneal hemor 
rhage This time mter\al forrunatclj affords a golden oppommitv 
for surgery in an otherwise hopeless condition 
Fig 197 is an \ ray of a case of arteriosclerotic fusiform aneur\sni 
of the abdominal aorta in which the pretention of further extension 
of retroperitoneal hemorrhage was attained by wiring Complete endo 
arterial occlusion of the aorta provimal to the aneurysm was accom 
plished m two stages with elcctrothermic coagulation of the aneu 
rysm sac 

SUMMARY 

A discussion of the principles upon which a safe and at the same 
time curative surgical therap> for aneurysm of the abdominal aorta 
must be based and a method of accomplishing it was presented 
Important differences m pathology of aneurysm of the abdominal 
aorta caused by syphilis and chose considered to be arteriosclerotic 
m origin were discussed m a review of twenty three cases 
Signs and symptoms aiding m the differential diagnosis of ruptured 
aneurysm with retroperitoneal hemorrhage were discussed Attention 
was drawn to the fact chat following the usual behavior of such cases 
adequate time w^is afioeded to institute surgical therapy 
Some of the early signs and symptoms and their significance were 
discussed 
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Lt Colonel Llo\d G LE^MS* 
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Correct c\aluation of the histor}, physical signs, laboratory data 
and X ray findings should lead one to the diagnosis of pennepliric ab- 
scess m the majonty of instances However, the diagnosis is often 
missed because of reliance upon the radiologic picture, if it has not 
been correlated with the symptoms and signs 

Etiology— A large percentage of perirenal infections seen in urologic 
practice occur secondary to renal disease, such as calculus, renal car- 
buncle and pv onephrosis Staphylococcus aureus and Escherichia cob 
are the most frequent bacteria found although the streptococcus 
Bacillus proteus, Bacillus pyoc> aneous and the Aerobacter group ma> 
be etiologic factors 

History.— Carbuncles, furuncles and even superficial skm infections 
are frequently the source of infection when Staphylococcus aureus is 
the infectious agent Inv asion of the renal cortex or the pcrurenal tis 
sue is considered metastatic from the blood stream Colon bacilli mav 
gam entrance to the kidney from the bowel by way of the lymphatics 
but most frequent!) these orgamsms are found secondary to ureteral 
obstructions and calculus Streptococcus abscesses may occur follow- 
ing dental, tonsillar or sinus infections The so called nonpathogenic 
bacteria, Bacillus proteus, Bacillus pyocyaneous and Aerobacter aero- 
genes, imade the kidney following retrograde cystoscopy, ureteral 
catheterization, and renal surgery 

Symptomatology— The first s>mptoms noted are malaise and loss of 
appetite usuall> accompanied by fever Fever maj be low grade or 
intermittent and, when p) elonephntis is present, markedly elevated 
and spiking 

Pam may not be present during the onset of illness There is noth 
mg typical about the pain Backache, aching m the side or severe pain 
localized at the costovertebral angle is usually noted Later, pain radi- 
ated to the groin, hip, thigh or over the fascia lata may be present 
Pam on walking, especially on extension of the thigh, is frequent 
Psoas spasm is demonstrated by this s>mptom Pam referred to the 
chest with respirator) s>mptoins may cause the patient to be admitted 
for medical treatment 


Urological s>mptonis such as freque nc>, urgency and dysuna are 
Prom the alter Reed General Hospital, Washington D C 
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compicuousl} absent unless the penncphnc infections occur second 
aiy to urolithiasis pj cloncphntis or urologic surgery 
Physical Examination —Patients with perinephric abscess frequently 
prefer to lie with the thigh flexed Some appear acutelj ill while others 
appear in good physical condiuon 
Dyspnea signs of diaphragmatic irritation atelectasis or findings 
consistent with aupical pneumonia may he found especially when 
the lesion is at the upper pole of the kidney 
There is usually costovertebral angle pain and tenderness on the 
affected side A mass may bulge the flank or a palpable although some 
times indefinite mass is felt m the region of the lower pole of the 
kidnev Gaseous abdominal distention may be present 
Psoas spasm can frequently be demonstrated This is not a constant 
finding and may be pre^'ent intermittendv 
The temperature is usuallv elevated higher m coccic infections than 
m bacillary tvpes Pulse and respiration rates arc elevated 
Laboratory Data —A mild to moderate secondary anemia is common 
The white blood cell count is regularly elevated averaging about 
13 000 

Urinalysis is frequently cntirclv negative After long standing in 
fection albumin may be present Obviously penrcnil abscess second 
iry to ascending urinary tract infection supports the finding of pyuria 
and occasionally hematuria 
The sedimentation rate is regularly elevated 
Urine cultures obtained from voided specimens or from urethral or 
ureteral catheterization are quite rcgularK sterile m cases of staphjlo 
coccus abscess Bacillary abscesses frequently are accompanied by 
positive urine cultures 

Xray Data —Chest films may show evidence to support the dug 
nosis of atelectasis or atypical pneumonia 

The flat film of the abdomen mav show curvature of the spine 
toward the affected side The psoas muscle shadow may be obliterated 
bulged outward or mav appear normal Obliteration of the psoas 
shadow along the border of the muscle is not a constant finding The 
renal shadow may or mav not be distinct 
Py elogranis made either by the intmv cnous or retrograde method 
are most difiicult to interpret The diagnosis of renal cortical tumor 
or renal cyst is frequently made because of distortion or obhrerati n 
of calices The kidney may be pressed or drawn out of normal posi 
tion by the abscess Occasionally, the radiologist points out compres 
Sion of the kidney by a perirenal mass The ovly constant x riy find 
mg VI penneplyric abscess ts fixation of the Lidney For this reason, 
upright films should be made m suspected cases I prefer to have them 
made routinely m py elographic studies 
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The follo\\ing cases are recorded to demonstrate the difficulty of 
diagnosis Incision and drainage were dela> cd in all but one case because 
of failure properly to evaluate the symptoms, signs and \-ray findings 
earlier. 

Case I -This officer, 49 jears of age, was admitted on March 10, 1944, to the 
Medical Service of Walter Reed General Hospital because of backache, feiec 
and chills of ten da>s’ duration with the tenmne diagnosis of atypical pneumonia 
During the first ncek of his illness he had nulaise, marked loss of appetite and 
low grade fc\er, hut he was able to catrj on During the second week he was 
Confined to quarters On phj sical examination an area of dullness was noted in 
the left lung base Breath sounds w ere diminished and there were moist crackling 
rales O'er that area The physicians noted that no masses or areas of tenderness 
were present o'cr the abdomen, the liver, kidncjs and spleen 'vere not palpable 
Laboratory studies sho'ved red blood cells 3,800,000, leukocytes, 11,400, liemo 
globm, 80 per cent, poly morphonucleats 89 per cent The Kahn reaction 'vas 
negative The urine was clear and acid in reaction There was no albumin or 
sugar, an occasional white cell was found 

The patient was given sulfadiazine Two days later the unnaUsis vvas nega- 
tive The sulfonamide blood level reached 81 tng per 100 cc The pneumococcus 
vvas not recovered from cultures The x ray report stated ‘The atelectasis at 
the left base is consistent with atypical pneumonia’ On March 18, x ray of the 
chest showed normal lungs except for a small area of residual atelectasis at the 
left base The patient’s temperature returned to normal after eight days of sulfa- 
diazine therapy Following the discontinuation of medication, he began to have 
fever again There was stUl bronchial breathing with rales to the left base, pos- 
teriorly 

On March 24 the patient began to have va^e left upper abdominal pain Ex- 
amination by the physician revealed an indefinite, rather large mass m the left 
abdomen, which did not move with respiratory movements The mass was not 
particularly tender In an x ray film of the abdomen the left kidney shadow was 
poorly defined, but appeared markedly enlarged The right kidney shadow was 
not seen Psoas shadows were visible with slight prominence of the left psoas 
muscle, probably due to slight rotation of the patient The x ray consultant con- 
cluded, in view of these findings, that ‘the atelectasis of the left base is probably 
due to subdiaphngmatic inflammation” 

Urological consultation on March 26, 1944 rev ealed that the patient had had 
backache, particularly on the left side Tlicre had been no definite pjin on move- 
ment The patient had no symptoms referable to the bladder or urethra no pam 
or swelling of the testicles, no rectal or perineal pain Examination rev ealed tender- 
ness at the left costovertebral angle and a mass m the left flank, which was not 
movable and did not bulge out in the flank The right kidney was not tender to 
palpation Ko henna was present and the external genitalia were normal The 
tentative diagnosis of perirenal abscess was made and intravenous urography re 
vealed both kidneys enlarged and calices distorted, the appearance suggesting 
polycystic disease The right kidnev was low m position and descended when 
^e patient was placed upright The left kidney was in normal position but fixed 
The left psoas sliadow was still intact though prominent This latter finding was 
against the presence of any extensive pennephric abscess Fixation could be due 
either to a localized alvsccss ot a renal carbuncle w ith adhesions 

Cystoscopy and urography were carried out on March 31, 1944 The bladder 
appeared normal Number 6 catheters were passed up to the kidney pelvis on 
each side The unne was scanty The phenoUuUonphthalein test showed appear 
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Fig W8 ~Rocntg«n<)grams sho\ving petmcphxic abscesses 
A The abscess js on the left side Staphylococcus autcui was cultured from tb« 
abscess Note lumbar kidney rght obltennon of psoas shadow compressoo 
of loner cal ces on the left hazy icnal outl ne "Ilte ladney is lived (Case II 
B Left perinephric abscess Si3ph> tococcus aureus was cultured from the ^ 
sccss ISt^tc pamai obi tcracion of psoas shadon contpresston of loner cal «s ha2> 
renal outlaie TJie kidnej is fixed (Case H) 

C Right perinephric abscess oS St3jA>lococeas aotcvss or g>n Kote oblwtstion 
of psoas shadow axial rotation of kutoey and haz> renal outline The kidn^ ■«“ 
drawn downward b> the usfectson whch intoUed the psoas muscle and to * 
lesser extent the lower pole of the kidney {Case HI) 

D R ght per nephrtc abscess Note (Aliteration of psoas shadow avial rotat on 
of kidney and haz} remi outline "nie kidney was drawn dovmvard by the ® 
feet on which insolvcj the psoas mosde aod to a lesser evtenf rhe renal 
(Case JV) 

ance in four minutes with excrrtHXn of J7 ptr cent on the right side and I p" 
cent on the left in fifteen tn notes Ten eabic centimeters of skiodan were injectti* 
mio each kidney pelvis and pyelograns (Fi^ 193 A) demonstrated a congem 
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tures of urine from the bladder 

diagnosis Pcrmephnc abscess, left u i r 

On Aprd 6, 1944, incision and drainage of the perinephric abscess on the lett 
was carried out Cultures of the purulent material from the abscess showed 
Staph) lococcus aureus A course of penicillin therapy as gn cn The patient im 
proved rapidl) He tvas discharged from the hospital on May 13, 1944 


C«E II -This 24 > ear old soldier was admitted to a Station Hospital, June 30 
1943, because of chills, fever and malaise, occurring at the end of a long walk. He 
had headache, \ague aches and pains, but no localizing sjmptoms The patient 
had had carbuncles on his buttocks several weeks prcviousl) His temperature 
was 101“ F Physical examination was quite negative There were no masses m the 
abdomen There was no costovertebral angle tenderness Neither kidney was en 
larged or tender, and urinalysis on admission was negative The patient ran an 
intermittent type of fever He was given sulfadiazine The blood findings were 
red blood cells, 5,150000, leukocytes, 10000, with 65 per cent polymorphonuclear 
cells Four days later the urine showed a few white blood cells and red cells, 
which were considered to be due to the sulfadiazine Therapy was changed to 
sulfathiazole The patient continued to run a low grade fever and developed pam 
in the left flank He was transferred to Walter Reed General Hospital on July 18, 
1943 

There w as some decrease in breath sounds over the left lower chest posteriorly 
No rales were heard There was some dullness to percussion The Medical Officer 
felt that the case was possibly one of residual aty pical pneumonia Examination of 
the abdomen revealed marked tenderness over the entire left lumbar region and 
at the left costovenebral angle There was fixation of the pelvis, and hyperexten 
Sion of the left leg increased the patient’s pam-evidence of psoas spasm On the 
following day there was no evidence of psoas spasm The patient was treated for 
atypical pneumonia and not until August 4 did he have any repetition of the 
psoas spasm, which was fairly marked on that date On August 6 he continued to 
have psoas spasm and x rays showed definite obliteration of the psoas shadow 
No masses were definitely palpable 

Urological exmimation note on August S, 1943 ' This soldier has had a senes 
of carbuncles On July 5 he developed pain in the left flank with pam m the left 
leg There was no history of typical renal colic or passage of gravel, stone or 
blood The patient has had a low grade fever He has had no symptoms referable 
to the bladder or externa] genicaha The patient w^ lying on the table w ith the 
left leg flexed and the right leg extended There was a bulgmg mass in the left 
flank with definite tenderness at the left costovenebral angle There was a large 
soft tissue mass palpable almost to the midlme The kidney itself could not be felt 
There was no right costovenebral angle tenderness The right kidney was normal 
Marked psoas spasm on the left Dtagjtosis Psoas abscess Intravenous urograms 
are suggested to confirm the diagnosis” 

Repeated urinalyses showed not more than 1 or 2 white cells per high power 
field Blood and urine cultures were stenie Intravenous urography (Fig 198, B) 
reveal^ slight right lumbar scoliosis and the nght psoas muscle was more dis 
tinct than the left Both kidney outlines were visible There were no definite ab 
normal soft tissue masses The left kidney wras slightly lower than the right There 
was no deformity or displacement of the ureters The kidney pelves and caliccs 
were not remirUblc Further x ray studies showed the left psoas shadow mdis 
tmet m outline The soft tissue to the left of the lumbar spme was more prominent 
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than could be explained by scoIkob The left kidney moied xety slightly by 
change in position of the patient AU of these changes strongly favored psoas abscess 

On August I’, 1943, incision and dnuuge of psoas abscess was earned our. 
Cultures from this abscess showed Sta^ylococcus aureus The patient made sn 
uneicoiful recovery and was rernmed to dot) followutg sixty days m the «con 
ditioning program 

In this case the diagnosis of pcnnq>hnc abscess mvoKinti the psoas 
muscle was made bj history and physical examination \ ray studies 
confirmed the diagnosis of psoas abscess, howe\ cr, no lesion of die 
kidney uas demonstrated until surgery was performed 

Case. Ill— This 36 year old soldier was admitted to his Station Hospital on 
July 27 194) complaining of indigestion of three weeks duration anorexn loss 
of weight (10 pounds in ten dxyt) diarrhea /or ten days pam and sorcnessw the 
right side of his abdomen 

Phvsical examination revealed a rather chin man There was a papular erup 
non on the right fotcanti, wrist and left hand The entire right side of the an 
domcn was rigid Tlicrc was a definite mass about 4 inches in diameter extending 
below the costal maigin but not out in the fiank This area was ^uice tender 
There was no costot eltcbrai angle tenderness and Murphys sgn was negatve 
The patient had had no urmaiy symptoms Urinalysis tras aegatne 3Vh re blood 
cells numbered 10 800 with 81 per cent polymorphonuclears the hemoglobin was 
W per cent Culture from the fesions on the patients hind and foreann shoted 
Staphylococcus aureus Ciood culture was negative \ ray studies shoved lung 
fields clear A flat film of the abdomen showed a large mass extending down to 
the region of the crest of the iliutn on the tight side obbteraiutg the psoas shadow 
The colon uas outlined by opaque tnatcnal and there was noted d splacement of 
the hepatic flexure and t>/ the rranrrersc colon Eanom enema showed no intrinsic 
lesion of the colon A gastrointestinal senes showed no organic icson of the 
$foni3Ch or duodenum The lower half of riie second portion of the duodcnui) 
was displaced to the left Intravenous pytSoctaphy teveiled dye present in both 
kidneys in five minutes Tlie left side was normal The tight kidney shadow wm 
obscured with obliteration of the psoas shadow apparenuy secondary to a luge 
mass in this region The calices were blunted and there was ddacacion of the renal 
pelvtf Pyclographic studirs (Fig 198 C) strongly suggested the presence of an 
extrinsic mass e.\ming pressure on the kidney although tumor of the right kidne) 
could ROC be ruled out 

The patient was transferred to Walter Eecd General Hospital and admitted 
to the Surgical Service on Julv JO I94J E-vammation was as noted prevKKisJy A 
diapnosn of right perinephric abiccaa was made 

The patient w as transferred to the Urological Section and a large abscess in 
solving the lower pole of the right kidney and the entire belly of the psoas nrascle 
was drained on August f, IW? Cto October 11 the panenr was transferred to the 
ConvaIcsc«i£ Secrion for recondioofling and eventually was discharged to uu^ 

Case IV.— This 4f year old vvt»mn was admitted to the (Medical Service M 
Reed General Hospital on January 18 t3H) complaining of pain ui the right 
upper quadrant of the abdomen tadntmg down from the flank to the right groii^ 
of two weeks duration The pam w as a continuous ache There was never 
renal colic During the first week <rf her illness she had loss of appetite wd icit 
badly bur cOrtttnaed ivitli her w<«k Damw the second week the pain became 
very severe her temperature reached lO’* ¥ but there were no ch^ She i 
no nausea or vomiting She took very law quantities of water and 
more frequency of urination Sw liaa haa no patn or discomfort on unna 
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The onne, cxsmtned her physvcnn oa Jannin. 13, was negative Her fever 
continued and her pain persisted r .u 

General ph) sical erammauon show ed no ahnonnalitjes. Palpation or trie ao 
domen revealed no distention There was no muscnlar npidit> The Iner edce 
tv as not definiteU palpable A globular mass not tert definite tv as palpated m 
the region of the right kidnet, which was s’lghtlt tender There was no costo- 
tertebral angle tenderness. Pelvic CTamioation revealed a moderate ctstoeele and 
rectoccle Unnaljsis was cntirelv negative The blood findings were red blood 
cells, 3,900000 leukociacs, 134SO, hemoglohm 70 per cent po^-morphonuclcan 
84 per cent. The anne was stcnlc on colmre The Kahn reaction was negative 
The sedimentation rate was 27 mm. m SL’tt> minutes- A tentanve diagnosis of 
cholecjatitis was made 

Urological consultation on Jinuar) 20 noted hstort as above. There vv as no 


the right kidnet being lower m position than the left. The gallbladder was faintlv 
visualized after the Graham d) e The radiologist suggested recTammatioa of the 
gallbladder h\ the intravenous method and right retrograde pvelo'waphv because 
of the onsatisfactorv intravenous p}eIcKrram Cvstoscopv on Jann3r> 29 revealed 
a perfcctlt nonnal bladder Number 6 catheters w ere passed to the renal pelvis 
on each side the urine was grosslv deaf The phenolsulfonphthalein test show ed 
appearance time of tw o and one half minutes on each side ’0 per cent evcretion 
from the right m fifteen minutes b per cent from the left. P\clo"raph> was 
earned out, using 10 cc of skiodan on each side These films (Fig 198, D) show ed 
the left kidney to be normal, the ncht kidney apparent!) enlarged at the lower 
pole The pelvis was distorted and the calices especiallv m the lower pole were 
displaced upward in a bcarre fashion suggestine pressure b\ a space taking lesion 
of the lower pole The findings were consistent with ncht renal tumor P>e!og 
nph) w as repeated taking both antcropostenor and lateral films The appearance 
of the right kidnc) was as previouslv described The radiologists note was Tmd 
inus coidd be produced b> either tumor or c>'St, but 1 believe tumor b more 
likel) ” Cultures of urine from the bladder and from both kidnevs were sterile 
no pus in an> of the specimens Repeated studv of the gallbladder show ed some 
reduction in size but no abnormality A gastro-intestmal senes was negative as 
w ere v raj's of the lumbosacrjil spine and pelvis. The nrolomst was of the opmion 
that the defect of the lower pole calices was congenital and not due to tumor 
The patients temperature was nonnal b> Febmarv 11 She began to comphtn 
of pain over the lateral surface of the nght thieh over the fascia lata She limped 
slightlj and was unable to straighten out the nght leg, eveept wuh pam. The mass 
in the region of the lower pole of the right kidnej had apparentlj increased m 
size Operation was perfoimed on Febmarv 23 1945 scheduled as “evpioration 
of nght kidnej ” An incision was made from the cDstovertebral angle downward 
and forward to a point just above the anterior superior spme of the flium. The 
muscles were sharplv divided down to the perirenal space The fascu of Gerota 
was opened An uiflammatorj reacoon was noted around the lower pole of the 
ri"ht kidnej extending postenorlv into the bodv of the psoas muscle A large 
portion of this entire inflammatory mass was excised from the bellv of the psoas 
muscle leaving very litde mflammatorv tissue at the lower pole of the nght kid 
nev Ven little pus was encountered The kidnej had been retracted downward 
M the abscess involving the psoas muscle and held there bv mflimmatorv tissue 
^e tj^e re mov ed at operanon showed chronic mflammatorv reaction Cultures 
show ed no growth m fonj -eight hoocs. The patient made an uneventful recover}'’ 
and has been perfectiv well for the past two vears. 
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Case \ -This Flight Officer was transferred to alter Reed GeneraJ Hot 
pital M ith the diagnosis of nght renal tumor He had had a febrile illness with 
cxaccrbaaons of chills and fe\er oscr a period of two years He had no symp- 
toms suggests e of urmarj tract infection There had been no nocturia frequenq 
urgency or difficulty no pain or burning on urination ctcept associated 


A p 
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Fig 199 (Case \ ) — Roentgenograms of oatient hirnw » «» 


Note dist 1 
194J shosVj 

film shows absolute fixation of the r ght kidney and normal ptosis of the leli. 

acute neissenan infection which was treated bj penicillin and cured Renew m? 
the history I find that he had raibnndes TTicre had been very I ttle pam m 
either fiank During acute episodes of finer he did have some discomfort in tne 
right upper quadrant of the abdomen but this has not been severe He had no 
hematuria 
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On admission, he complamcd of general mabisc and of a little fe\cr in the 
evenings as high as 99* F He had no urological symptoms 

Examination revealed a rather pale, thio man T here as no definite costo 
\ertebral angle tenderness A mass was palpable m the right upper quadrant of 
the abdomen which felt lihe the lateral border of the hidne> rotated antenorh 
There was a rather sharp edge to tins mass which was not mo^-able The left kid 
ney was not enlarged or tender, and there was no lower abdominal tenderness 
Hernia was not present. The external genitalia were perfect!) normal B> rectal 
examinauon the prostate and seminal vesicles and base of the bladder were found 
to be normal 

Review of s r3}s shows that in November, 1944, p)elograph> (Fig 199 A) 
in Germany showed narrow mg of the upper cahccs of the right kidnc) The 
middle and lower pole calices were normal The outlme of the kidne> at that 
time w’as within normal limits Certamlj, from that pjelogram, diagnosis of right 
renal cortical tumor w ould have been justified The left kidnc) appeared to be 
perfectly normal 

Films taken at the Ohver General Hospital by retrograde and mtratenous 
methods (Fig 199, B) show that there has been a marked mcreasc in size of the 
mass mvolvmg the upper pole of the right kidne>, and m those films all of the 
calices w ere turned forw ard and apparendy compressed There was no bluntmg 
of any of t*- I- ' » ' — - — • f- --gested a mass occupy ing the 

cortex of i The deformit) of the calices 

(Fig 199 c> st of the kidney does not 

usually mcrease m size at this rate and with the history of fc\ er, one w ould hav e 
to consider the possibility of an mfcctcd solitary cyst. 

The preoperatne diagnosis was C)st renal right, infected Carbuncle of the 
kidney cannot be ruled out The radiologist at Walter Reed General Hospital 
made a diagnosis of perinephric abscess because of the presence of air in the 
mass The right kidney was fixed m position (Fig 199 D) 

Incision and drainage of permephrtc abscess at the upper pole of the right kid 
ney was done September 18, 1945 About 1000 cc. of light green pus was evacuated 
and the cav ity packed Conv alescence was uneventful 


Case VI —This 27 > ear old soldier, inducted May 6, 1945 had left ureteral colic 
m June 1943, accompanied by urgency and frequencj He was treated for left 
sided pam at his stauon hospital m June October and November 1943 The stone 
was visualized and the ureteral catheter passed an obstruction at 3 cm on Jul) 
2, 1943 The catheter was left m place for drainage on Jul) 6 1943 On Jul) 12, 
1943 the stone was no longer visible In October the patient developed right 
renal pam with percussion tenderness over the nghi kidne> He had acute c)sutis 
and bilateral p)elms Because of poor response to sulfonamide therap), he W’as 
transferred to Walter Rccd Generd Hospital on November 2’ 1943 

Examination showed sbght right costovencbral tenderness and a mass in the 
right upper quadrant 10 cm in diameter A definite psoas spasm was present on 
the right. Urinal)’sis showed man) white blood cells albumin 2 plus sugar 
negauve and urine culture demonstrated Staph> lococcus albus and Streptococcus 
fae«lis Blood findings were red blood ceUs 4 450 000 leukooies 16000 hemo 
globin W p— ’ > cent Rev lew of x rav film con 

T right kidney appeared normal in 

June mnu ■ November examinations the upper 

ralyx and superior pelvis of the nght kidney were displaced lateraUy (Fig 200 
( V ® rapidity of growth suggested to the radiologist the diagnosis 

of abscess or raHly growing tumor Retroerade urograms on November 26 1943 

deformity but the diagnosis of abscess was 
findings of diaphragmatic irritation and acute febnle reaction 
suggesting rupture of the renal carbuncle and perinephric invasion Incision and 
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Fig 200 tCasc \'lj —Roentgenograms of a patient having a perinephric ab- 
scess secondary to a renal carbuncle on the right A, Pyelogram (June 26 , 1913) 
show ing li) droiircar on the left secondary to calculus The right side appean 
norma] U, P) elogram (October 17, 1943) sliowing deformit) of the right kidney 
due to a mass on the medial side of the upper pole causing rotation of the kidne) 
The renal outline is indistinct The psons shadow is noted below the kidnc) out 
line The diagnosis of tumor would be justified from examination of this film 
alone C, P}c}ogr,}iii (Noi ember 26, 1943> showing increase in size of the lesion 
deforming the upper pole of the kidney and causing rotation The diagnosis of 
carbuncle w as made from correlation of the s> mptoms, signs and radiographic evi- 
dence D, Pyelogram (December 20, 1943) made four weeks after drainage of the 
perinephric abscess and of the renal carbuncle, shows the persistent deformit) but 
also a definite tendency toward normalcy 

drainage of the perincpliric abscess and carbuncle were earned out on Ixovem 
her 26, 1943— a 4 inch paravertebral incision was used One hundred cubic cen 
timctcrs of pus was ev acuated posterior to the kidney Further exploration 
the renal abscess and more than 100 cc of pus was evacuated Drams and w ^ 
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\\ ere placed The patient had an une\ entful com alesccnce Postopcratn e films show 
return toward normal (Fig 200, D) On Januarj 11, 1944, left ureterolithotomy 
was performed and the patient \\as sent on rebruary 14 1944 to a convalescent 
facilit) for reconditioning 

SUMMARY 

Cases I and II illustrate the difficiilt\ of early diagnosis because of 
the predominance of s\ mptoms and signs of pulmonar) disease 
Cases III and IV illustrate a difficult problem in \ ra> diagnosis 
The axial rotation of the kidnc\ caused b> contraction of the ab- 
scess with scarnng in the late stages produces the “mouselike ’ tlefonn- 
ity of the p) elogram The kidne> is not displaced b\ pressure of the 
abscess but rather is retracted b> the scar m\ oK mg the psoas muscle 
as w ell as the low er pole of the kidney 
Cases y and VI illustrate the development of the renal carbuncle 
followed b> rupture and perinephric abscess 
As pointed out b) Mathc m 1933, absolute fixation of the kidney is 
the onl\ constant \ ray finding m perinephric infection This is best 
shown by obtaining upright films with the patient at full inspiration 
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A Report of Two Cases with Operative Removal of the Tumor 
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PnFocitROMOCNioM\s are tumoiN of the chromaffin sjstem and as 
such represent one of the subduisions of the class of the hormonal 
tumors Nthich produce a typical s\ mptomatologj dependent on the 
t\ pe of hormonal substance elaborated In the case of the pheochromo 
cvtomas this substance is adrenalin or some product very closcl) re 
bred to it. Thus the syndrome represents the response of the body to 
the introduction into the general circulation of massive quantities of 
adrenalin 

These chromaffin tumors niav arise cither from the adrenal medulla 
or from chromaffin tissue located elsewhere in the body, namely, from 
the paraganglia of the s>mp3ihetic nervous s>stem, or from a strip of 
chromaffin tissue ventral to the abdonnml aorta and superior to the 
inferior mesenteric artery or in the organs of Zuckerkand! on either 
side of the aorta at the origin of the inferior mesenteric arterv and 
finally in the carotid body Tims they mav be intra or extra adrenal 
in location 

They occur mfrequentiv Up to 19-10 Brunschwig and Humphreys’ 
collected a total of ninctv cases from the literature and since then an 
I additional thirty instances have been recorded Of these approxi 
mately forty cases were clinically recognized and treated by operation 

About 19 per cent of the reported cases showed bilateral involve 
ment of the adrenals and m all instances where bilaterahty occurred 
the tumors proved to be maligmnc 

The rumor being usually benign is well encapsulated It occupies 
the medullary portion of the gland and is covered in part by a narrow 
rim of cortex The size vanes from 1 to 12 5 cm The tumor may 
undergo v arious tv pcs of degenenm e changes such as hemorrhage and 
necrosis which tend to give it a cystic character The benign tumors 
show no tendency to invade cither the medulla or the cortex but 
rather to compress these areas which are demarcated from the tumor 
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mass a well defined capsule Microscopically, the benign tumor is 
highl) cellular It consists of islands of lai^c pol) hedral cells, mark- 
edly irregular in shape and separated by a connective tissue stroma 
uhich is rich in blood vessels The cytoplasm is abundant, finely gran- 
ular and takes a basophilic stain ^Mth heinatoxylin-cosin The nuclei 
vary in size and shape considerably and contain one or more well 
defined nucleoli Within the c> toplasm of the cells, as well as berw cen 
the cells, h) alme inclusion bodies are frequently seen A characteristic 
dark brown color is imparted to the tumor when it is immersed in 
dichromate solution 

Qualitative extraction studies of these tumors have revealed the 
presence of a pressor substance identical m pharmacologic effect with 
epmephnne - Quantitativ c extraction studies hav c rev ealcd amounts of 
adrenalin varying from 6 7 to 1200 0 mg per tumor. 

The attacks which characterize the disease may occur spontane 
ously, or as the result of any stimulus which causes a discharge of 
adrenalin into the general circulation (pressor response) Such stimuli 
ma> consist of emotional excitation, change m body position, manual 
manipulation of the rumor, massage of the abdomen on the tumor 
side, immersion of the extremities m cold water, starvation, or the 
administration of adrenalin, insulin or histamine hlinor operative pro 
cedure has been known to produce an attack 
The classical clinical picture of pheochromocytoma is attended b> 
marked vasoconstnctive phenomena which may consist of (1) peri- 
odic episodes of paroxysmal hypenension (rising to heights which fre 
quently attain 250 mm of merciirv s>stolic pressure and occasional!) 
reaching 300 mm systolic pressure), (2) cardiac palpitation, pound- 
ing headache, vomiting, tremulousncss, severe anxiety and weakness 
(3) associated vasomotor phenomena such as alternating blanching and 
flushing of the extremities, (4) diaphoresis, (5) low peripheral skin 
temperature with elevation of torso temperature, (6) shock, m cases 
where the attacks persist over a long period of time This type of 
shock has been shown to be produced by a reduction in the volume 
of circulating blood from prolonged vasoconstriction Expcnmentallv^ 
this has been shown to occur in animals given large doses of adrenalin 
intravenously In half the number of instances hyperglycemia and 
glycosuria are evident during the episode The urine is usually de- 
creased in output during attacks and may contain albumin, casts and 
red blood cells Between attacks the urine may be normal 
Electrocardiographic studies occasionally show arrhythmias 
The duration of the attack mav \ ary from minutes to man> hours 
n one case* the attack lasted for thirty slx hours Death may occur 
urmg an attack as a result of shock, left heart failure, coronary 
thrombosis or cerebral accident. 

If the paroxysmal hypertensive episodes continue over a long period 
time, the hypertension mav become fixed In an analysis of eighteen 
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cases® by Ho^vard and Barker si\ developed permanent h>pertcnsion 
Such permanency is almost aU\a>s associated with optic fundal and 
rcml changes observed in an> group wjrfi ses ere and proSonged hyper 
tension 

The diagnom of this disease is dependent upon (1) the typical 
symptom corapJev and drmcal findings, (2) evidence of pressor re 
sponsc tests, (3) the finding of pressor substance m the blood at the 
height of the attack (4) the roentgenographic demonstration of a 
tumor mass in the adrenal areas by pcnrcnal insufflatton® and (f) m 
the case of large rumors depression of the kidnej b> the mass as 
noted by pjclographj In the presence of a tmy adrenal tumor or in 
the instance of an c’ctra adrenal tumor, roentgenographic technics miy 
be unreseahng In such instances the diagnosis may be presumptne on 
the basis of collateral exidencc 

The tTtatiueiit of this diseisc is surgical Therefore, any suspicion 
that a case ma\. be phcochromocytoina calls for exploratory operation 
with rcmo\al of the tumor rutthermote it should be emphasized 
that, m \it\v of the hazards associated with this disease, operame in 
tcrvention must be prompt 

The opentne mortality has been low with suitable special pre 
operatne and postoperacne care discussed m the presentation of our 
cases and the therapeutic response to a successful and complete pro 
cedure has been dramatic 

In those cases of course in « hich the tumors are bilateral or mahg 
nam or m which the tumor mass has not been completely extirpated’ 
we ma) expect a return of symptoms This occurred m one of the 
previously reported cases in which the tumor was incompletely re 
moved In another case (Case U m this article) m which the tumor 
proved multiple and malignant with invasion of the smaller radicles 
of the renal vein we must anticipate a recurrence of symptom 

REPORT OF TWO CASES 

The following two heretofore unrecorded cases will ilfuscratc many 
of the points dealt with in the preceding discussion They arc also 
presented because Case 1 rqirescnts perhaps the largest pheochromo 
cycoma ever removed surgically and because in Cs5t II wc were deal 
mg with a mu/tipfe malignant type 

Case 1 PKeocfircmocytoma of fhe Acfrenal wiffi Marled Cysfic Degeneta' 
fion 

The patient {W D ) was a J6 year man x'hMC history of the pre^t ^ 
ness ditfd back approximate!) fifteen yean During this period of he bto 
had recurrent episosles cliarsctetBed by the svMlden onset of nausea and 
marked cardiac pounding pallor and sweating of the face and aiteniacirig pU' 
and cj-anosts of the evercimries These attacles vtpuJd last from five . 

half hour and subside spontaneously Originally the episodes occurred 
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qucntl> averaging once a week or less With the passage of time both the m 
tcnsitj and frcqucricj of the attacks increased and for a period of ^ v e years prioi 
to the operation such episodes occurred one to four times diil) with onl> an 
occasional free interval of several da>s The patient recalled that on several occa 
sions the blood pressure was noted to be elevated during the attack There were 
no clear cut factors which precipitated the episodes Tlicv occurred during 
moments of cvertion as well as at complete rest They seemed to bear no particu 
lar relationship to food 

For ten jears the patient was aware of the existence of a mass m the right 
upper abdominal quadrant This mass gradualiv increased in size but was pam 
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Fig 201 —Retrograde pjclogram showing marked downward displacement of the 
kidney by a suprarenal mass 


less and nontender The patient had obser' cd that vigorous palpation of the mass 
would occas onalW induce a characteristic attack There were no other signifi 
canr nndings m the patient s history other than a loss of I5 pounds in w e ght dur 

mg the past two years 

On phv^ical e\am nation the optic fundi were essentially normal The heart 
was not cniai^cd The sounds were pcrfectlj regular and a soft sj’^tohe murmur 
vv as au I le over the base m the pulmonic area The apical rate w as lOO per minute 
m neit er of the basal sounds was undulv accentuated In the right upper quad 
H ® abdomen a huge dome shaped mass was palpable The mass was firm 
extended well below the Umbilicus and to the midl ne mesiall> 

I e patient at rest in the prone position the blood pressure varied between 
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J20/80 and 1 JO/j lo mnv of mtrcoij Massan of the mass for three minutes usuallv 
initiated a characteristic atracJt, and the tilood pressure si ould rise to * level be 
tiiccn 190/120 and 2W/134 mm of inetcai> 

The basal metabolic rzK was phis 24 per cent on one occasion and plus IJ per 
cent on another Repeated elecfrocardio^pfnc tracings showed a left tXis dera- 
tion but no cTidenrc of n3)’’OcajtJj3l damage Repeated uruialpis both dunng 
attacks and m free intervals, showed no glycosuria The specific •gravity varied 
from } 020 lo 1 028 A trace of albumin vas always present, and on one ocea 


hsg 20’ (Case i) -Plain film of die abdomen showing a curvilinear bne of c»l 
cificatKm m the tumor mass 


Sion the protein, in the orate was considerably increased Microscopic 
of the urinary sediment revealed the constant presence of occasional red owwu 
celh and 4 to 10 white blood cells per high power field The sedunentatio^w 
was normal The total proteins of the seram were 6J gtn per JOO cc, ^ whic 
the albumin fraction was 46 cm Mvd the globulisv fiaction 1 7 gro per W cc 
The blood hemoglobin was 94 per ceoc rfve red blood cell count f i 

per cu mm., the w hite blood ccH count was 22,000 per co mm. The diner 
study revealed the presence of 78 per cent polymorphonuclear _ 

which 4 per cent were norsegmented 18 per cent lymphocytes 3 per cent 
cytes, and 1 per cent eosinophils The p}a»el» count was 210.000 per cu mm 
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Intravenous pyelography showed the presence of a huge mass in the right 
upper abdominal quadrant The kidney was markedly depressed by this mass 
” t 1 t » distortion and compression of the calices 

studies of the gastrointestinal tract were 
ely sbght displacement of the second por 
non of the duodenum to the left A curvilinear line of decalcification as evident 
in the tumor mass (Fig 202) 

Because of the typical symptomatology, it was strongly suspected that we were 
dealing with a case of pheochromocyioma of the adrenal gland Accordingly, the 
patient was prepared for operation 

Treoperative Preparation of the Patient ~On the morning of the 
operation a constant mtratenous drip of isotonic sahne ^\as started 
which was continued throughout the operant e procedure and for a 
period of several days thereafter Just prior to operation the patient 
received 10 cc of whole adrenal conical curact (Upjohn) intra 
tenously Treatment with whole cortical extract in the dosage of 5 
cc subcutaneously was continued etery six hours until the patient was 
well out of shock Dunng the operant c procedure we attempted to 
control the inordinate cletanon of blood pressure with amyl mtnte 
The precipitate drop in blood pressure was treated with transfusions 
of whole blood and frequent administrations of 2 to 3 mimms of neo 
synephrm and 0 5 cc of epinephrine etery fifteen minutes until the 
systohe pressure reached 90 to 100 mm of mercury After the opera- 
tion this therapy was continued etery hour until the patient recov- 
ered from shock 

Operation— An incision was made, starting at the right costover- 
tebral angle and extending anteriorly along the course of the twelfth 
nb As the operation progressed and because of the subsequent find- 
ings, It was necessary to extend this incision both posteriorly towards 
the vertebral column as well as anteriorly across the midlme of the 
abdomen towards the left upper quadrant of the abdominal wall 
Thus the incision represented more than a hemisection of the body 
To facihtate further exposure, practically the entire twelfth rib was 
removed 

The incision as outlined exposed, both extraperitoneally as well as 
transpentoneally, a cystic tumor so tremendous in size that it ex- 
tended m all directions, pushing the liver and diaphragm high up into 
the chest cavity to reach a point about level with the fourth nb an- 
teriorly, extending downward mesially and postenorly to occupy most 
of the abdominal canty on the right side as well as a large portion 
of the cavity on the left Numerous markedly distended veins were 
seen coursing over the surface of the tumor At some points where 
the tumor came mto contact with the colon, these veins were con- 
nnuous with markedly distended veins in the mesocolon The right 
kidney was pushed downward towards the crest of the ilium by the 
above mentioned mass 

At the outset it seemed that removal of this gigantic mass would 
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be an impossibW sxngical feat It >vas decided however, jn view of the 
uftimate fatal outcome if nothing were done, to make e\er) effort 
to extirpate the tumor By hgating the numerous blood ve^els attach 
mg them<ehes to the mass as well as b> dissecting the mass from its 
t arious /ibrotis acrachments mofadKation was finall> accomplished At 
the mam pedicle of this tumor tht sem was at least inch m diam 
eter w ith a w all thickness of about * j inch The pedicle vessels were 
doubly ligated with linen thread chromic catgut was emplosed for 
the smaller \essels The mass thus was remoxed in toto with its cap 


,/ —Oross sccnon of removed wmor 


sule mtacc A laige retroperitoneal dead space remained after the re 
moval of the tumor The peritoneal portion of the incision was closed 
by a continuous suture of chromic catgut Drainage of the htgt 
peritoneal dead space was effected b) the use of gauze, rubber dam 
and rubber tube all placed rctropemoncalK The abdominal wall was 
then closed m la)crs cmploving chromic catgut for the muscles an 
fascia, and pincettes were employed for the closure of the skm 
Patuolocy -The specimen after removal wa-s much smaHer in size | 

grestdealof blood was emptied from ttsmtenor during iB extirpation ratno g 
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laboraton description ‘Specimen is a c)Stic tumor the size of a large lionc>de\v 
melon and ^\elghmg20C0gm (Fig 20}) The tumor shous a thick fibrous capsule 
to which some fascial tissue is adherent and m one area jellowish tissue is seen 
which resembles adrenal cortev Scattered o'cr the surface there arc a few pin 
point > ellow nodules, w hich in color resemble adrenal cortex The tumor is cj stic, 
and on opening it, a large amount (about lOOO cc ) of fluid escaped One of the 
cavities within the tumor is rclativch smooth walled but some elevated t)pes of 
plaques of soft brownish graj tissue were found The other cavities are filled 
w iih friable gra) ish necrotic tissue The outer rim of the mass is formed b) 
brownish relativelj cellular tumor tissue within which areas of necrosis can be 
found Microscopic diaf'nosis Phcochromoe>toma of the adrenal, with marked 
c>stic degeneration” (Fig 2CH) 



Fig 2W (Case 1) —Microscopic section of removed tumor 


Comment should be made as to the clinical course during the opera- 
tive procedure At one point during the manipulation of the mass the 
blood pressure rose abov e the extreme height of the sphygmomanom- 
eter At this point the pulse was imperceptible The extremities xverc 
cool but the torso was warm so that wc were not dealing xvjth shock 
in the true sense of the term We were confronted, however, with a 
picture caused by the discharge of tremendous amounts of adrenalin 
into the general circulation Directly subsequent to the removal of 
the tumor, on the other hand, the blood pressure dropped precipi- 
tously to levels at about 50 mm of mercur> systolic pressure, and a 
diastolic pressure of 20 mm of mercurj With suitable therapy, here- 
inafter outlined, the blood pressure rose to within normal limits m 
about forty-eight hours 
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Postoperative Course —After the abatement of shock, the major 
problem ^\'3S that of dealing with mfeetton m the large rctropent- 
onea! dead space w hich gradualK dimmishcd m size The patient pro- 
gressed satisfactoni> and was discharged from the hospital on the 
thirty-ninth postoperarue day 

Two months after discharge from the hospital the patient was per- 
fectly well There had been no attacks since the removal of the tumor 
He had gamed 12 pounds m weight, blood pressure varied from 100/60 
to 120/80 mm of mercury Tests of the unne were completely nega- 
tive and massage of the abdomen failed to induce any discomfort 



Fig 205 (Case ID -Cxcrctron pyclogram shm>mg downward dispbcemen^I 
the left kidney by suprarenal mass Cilices arc disiorted and faintly outlined The 
pjelogratn of the right kidne) ss normal 

Case 11. Pheechromocydoma of Ae Adrenal, MulHple Malignanf Type 
The second patient (C. R) wu a nnrned woman of 58 who had ‘spells of 
nenomness” of ten years duration Thw attacks were charaaerraed by the sud- 
den onset of marked cardiac palptuuon, paHor of the face, paracsthesias and 
marked pallor of the extremities A severe, Uuobfaing headache invoUmg the en 
lire head was occasionally present Each attack was associated with a sense o 
great anxiety and marked urinary fteqowwy These episodes appeared sex eta 
times dailj, would last for approxtmatel) five minutes, and would subside spon 
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laneouslj They apparently bore no relationship to exertion or emotional upsets 
However the patient had observed that lying on the right side \\ould frequently 
initiate the attach 

On physical examination, the patient was found to be a well nourished middle 
aged woman The optic fundi were quite normal The heart was not enlarged, 
and the sounds were regular in rare and rhythm and not unduly accentuated The 
resting blood pressure was found to vary between 140/80 and 160/70 mm of 
mercury A characteristic attack was then induced by having the patient be on 
the right side for hi e minutes During the height of this attack the blood pressure 
rose to 300/160 On several subsequent occasions durmg attacks the blood pressure 
was found to vary between 235/110 and 270/160 mm of mercury 

The remainder of the physical evamination was essentially negative except for 
the fact that the low er pole of the left kidney w as palpable 

The blood hemoglobin was 83 per cent while the red cell count was 4 05 
million per cu mm with a normal dilfcrcntial smear The urine show ed a specific 
grav ity of 1 0’D with a trace of albumm but no sugar, either durmg attacks or 
durmg free mtcrvals The microscopic examination of the urmary sediment rc 
vealed the presence of an occasional hyaline cast and a few white blood cells 
An intrav cnous pj elogram showed a depression of the left kidney w ith some 
distortion of the caliccs suggesting the presence of a tumor mass above this kid 
nty (Fig 20j) The electrocardiographic tracing was not particularly abnormal 
The P R interval varied between 01 and 02 second Pj and Pj were high and 
peaked 

Snpportne Care— On the morning of the operation, a contimioiis 
intravenous drip of isotonic saline m $ per cent glucose \vas started 
This was continued throughout the operation and for the ne\t 
twenty four hours until the patient was well out of shoclc In addi 
tion, she received 10 cc of whole adrenal cortical extract intrav enouslv 
and 10 mg of Percorten mtramuscularlv preopcratively During the 
operative procedure, she was given a whole blood transfusion of 500 
cc and in addition 10 cc of whole adrenal cortical extract intrave- 
nously Directly after the remov al of the tumor masses the blood pres 
sure fell to 90/50 but it promptly attained normal levels following 
the intrav enous administration of 0 5 cc of 1 1000 epinephrm hydro 
chloride and 3 mm of neosjnephnn Postoperatively, 5 cc of whole 
adrenal cortical extract was administered subcutaneously every six 
^'t'urs for the next forty eight hours At no time after the operation 
did the blood pressure level fall below 100/60 mm of mercury 
Operation —Through a left loin muscle-splittmg incision with exci 
won of the twelfth rib, the retroperitoneal space w as exposed and 
found to contain a huge tumor mass lying in the subdiaphragmatic 
area and apparently involving the adrenal gland By its tremendous 
It had caused a descent of the left kidney towards the iliac fossa 
he entire mass w as mobilized by dividing numerous adhesions as w ell 
as multiple large varicose vessels which were coursing over the sur- 
ace of the tumor The blood supply to the mass seemed to arise from 
a combination of the adrenal, diaphragmatic, and branches from the 
e t renal vessels All these vessels were ligated and divided The mam 
enous vessel was huge in caliber and measured at least % inch in 
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djamcrcT After the remo\ il of the main mass a small amount of tKSUc 
was noted close ro the renal pedicle athich represented resfdual tumor 
This uas cvciscd Another separate tumor measuring about inches 
in diameter ^V35 seen Ijing mesial to the site of the mam tumor, 
which measured ibout inches in diameter (see pachologj report 
for description of tumor) Following ibe removal of the second smaller 
rumor, numerous tiny branches of vessels were ligated in the depths 
There was a moderate amount of oozing coming from the subda 
phragmatic space This was casil) controlled by ligature and packing 
The retroperitoneal space w as drained bj* the use of lodofo-rm gauze 
packings as well as rubber dam drams The abdominal wall was closed 
m laj ers using figure of 8 chromic catgut sutures for the muscle and 
fascia Silk sutures were cmplo>ed for the skm 




Fig 206 (Case II) -Two tumors m gross scewon 

Pathology “Specimen cottssis of two more or Jess round masses of tumor 
tiaue apparently siell demarcated (Ffg ’06) Tlte mialler weighs about 2S gro 
and IS about 4 cm in diameter Jr has a somewhat cjsiic feel with a bluish color 
shining through the surface which reveah distended >csscj channels and adherent 
fat tissue more prominent in the area of resection There is a large hgattd artery 
present which has a circumference of mote than 2 cm On opening the srterj * 
smalJ dimpfc is found apparently a branch m the region of the tumor, which 
however cannor be probed Section of the tamor reveals a rather even appearance 
The mass is solid gr3> w nh a generallv reddish poiplc ov ertone with some si ghth 
grayish areas visible No adrenal tissQC ts tecoemr^ gtosslv on this sniallet 
The consistency is moderately firm The iarger maw weighs S}0 gm is si chav 
ovak and measures about JJ cm m its diameter There iv adherent far rssue 

present on the surface and a small draaded area apparently the site of 
ment about 5 cm across In addit on there b a smaU anvount of orange tissue w hic 
has the appearance of adrenal con« This is mostly in a somewhat Imear ate* 
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about 4 cm. across, but there are tmy tabs elsewhere The tumor has a rnottled 
purple red color and an unes en consistcno'. This mass on section has a rim and 
multiple septa of firm hemorrhagic tissue, similar m appearance to the smaller 
mass The major portion, hotteter, is occupied by cystic areas which are com- 
posed of 1 mm of gray tissue which forms the lining. Centrally the tissue is 
broken down There is tan-colorcd slough and slightly thick tan fluid In areas, 
slightly hemorrhagic fluid exudes from these broken-down areas Microscopic 
diagnosis' 1. Phcochromoc) toma of the adrcdal The surface of the mam tumor 
shows flattened adrenal tissue m places {Pig 207). 2. A second smaller tumor should 



Fig 207 (Case 11) —Microscopic section of removed tumor 


be interpreted as metastatic 3 Fracments of tissue received separately contain 
'cins panully infiltrated b> tumor No adrenal tissue found in tlicse fragments 
Postoperative Coarse.— The panent received a transfusion, pcnicilljn 
prophylactically, adrenalin, vvhole adrenal cortical extract and neosyn- 
cphrin, as needed. Pneumothorax which developed was treated con- 
scnatuely. The drams were removed one by one, the last one on the 
twenty-second postoperative day. The postoperative course was rela- 
Dvel) smooth except for a febrile rise on the tenth to the twelfth 
postoperative day, up to 103.2® F. This w'as probably due to pulmo- 
nary infection in the collapsed lung. Temperature w’as thereafter nor- 
mal and the patient w’as discharged on the twenty-fourth postopera- 
tive day. ^ f 

COMMENT 

Btnh these cases are unusual in several respects. In the instance of 
the first patient, the symptoms lasted over a period of fifteen years. 
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during ten of which an abdominal mass was readily evident. ’Hie 
rumor mass was excraordinarily large and weighed 2000 gm It is of in- 
terest that despite the long daracion of the disease and the enormous 
size of the tumor the patient failed to de\ elop a permanenr hj-per- 
tension and eventually recovered completely The second patient, too, 
presented s>Tuptoms over a prolong^ period of ame The presence 
of tuo distinct pheochromocytomas arising from the same pedicle is 
most unusual The failure to recognize the presence of the smaller 
rumor might have nullified the results of the operatioa The malig- 
nant nature of idte tumor makes the prognosis m this case dubious 
If is unfortunate that in both instances so many years elapsed before 
the true nature of the disease was recognized A careful histor) 
elicited the usual characteristic symptoms Unless the possibility of a 
pheochromoc> toma is borne m mind, the overall picture may be super- 
ficially confused with that of an anxiety neurosis However, if the 
phjsician is adequately alert to the possibility of an adrenal medul- 
larj tumor, further invesrigation can readily esrabhsh the diagnosis 
Thus, episodes of pjroarysmal hypertension with or without a con 
comitant glycosuria, the presence of a palpable abdominal mass, or 
the demonstration of such a mass by intravenous or retrograde pyelog- 
raphy or by perirenal insufflation must arouse the strong suspicion of 
the c.\isrence of a pheochromocy toma Occasionally, the hy perrcnsion 
may’ be of a permanent character rather than parotysmai Also, the 
tumor might be extramedullary m location and hence perhaps not 
demonstrable by the usual radiographic technics In such instances, 
a careful hisrory may create enough suipicion to warrant a surgical 
exploratory procedure 

Once the diagnosis is suspected or actually established, the treat- 
ment of this disease involves the surgical removal of the tumor The 
patient must be prepared for operation by the generous use of adretuJ 
cortical extract and intravenous fluids The removal of the tumor is 
usually followed by shock which may be profound and of long dura- 
tion During this period, the frequent use of epinephrine and neo- 
synephrin, adrenal cortical extract as well as blood or plasma trans 
fusions and a continuous mtrav enous drip of isotonic sahne and J per 
cent glucose must be continued until the patient is well out of 
danger 
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intestinal obstruction 

Tfto\t^s H Russell, M D , FACS 


Rcmew of the literature of the pasjC few jears re\ea!s manj in 
structi\e reports on intestinal obstruction ft seems unnecessary at 
this time to repeat what has aJrc3d> been called to the atrennon of the 
profession The object of this paper is to emphasize a few of the im 
portant points which f have found useful m the diagnosis and treat 
meat of acute intestinal obstruction The causes for intestinal obstruc 
tion hate been well classified bv Wangensteen and others In this bnef 
discussion, r shall consider onK obstruction of the lai^e bowel due to 
tumors, and earl^ and late postoperative obsmictjon of the snulJ 
bowel 

OIA&NOSIS 


The diagnosis of hr^c obsfnicuon due to tumors, m a pre 
viousl> unoperaicd patient, is as a rule not difficult There K usually 
a history of intcmuttcnt, cramphke pain which frequentlj follows 
the ingestion of some indigestible food such as shellfish, mushrooms or 
com on the cob Such a historv m the absence of elevation of tem 
perature and pulse rate suggests intestinal obstruction Not mfre 
quenth the patient and doctor annbute these svmptoms to the in 
digestible foods, and valuable time is thereby lost arming at an earh 
diagnosis 

The obstructed patient nor infrequently will pass several loose stools 
following the first few episodes of pam This may be misleading unless 
one realizes that the gut, distal to the obstruction is emptied by strong 
peristaltic waves set up by the bowel m an effort to overcome the 
obstruction Vomiting in obstruction of the large bowel is usually a 
late symptom and does not occur if the ileocecal value is competent 
The temperature and puhe rate arc not affected until the condition 
becomes advanced 

The onset of late postoperateie obstruction of the sviall sntestine 
which IS usually due to adhesive bands, is simibr to the simptoire 
mentioned above except that vomiting may occur earlier, parncuUrh 
m lesions that are high m the small int«tme Once v omiting occurs, 
It IS usually' repeated and copious, and the vomitus which first con 
SISK of gastric contents soon becomes feculent (not fecal) m charac- 
ter Early postoperative obstruction of the small intestine is usualiv 
due to infiarnmatoty adhesions A nor uncommon error m obtaining 
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the histon of an obstructed patient can best be illustrated b) an ex- 
perience which I had not long ago I was called to see a bo\ m the 
hospital of a neighboring cit\, who was suffcnng from advanced, 
recent postoperame obstrucDon When asked if he had passed gas, 
he replied ‘>cs” When asked which wav he passed ga^, he replied 
bj mouth” The attending phvsician and a previous consulnng sur- 
geon had assumed that the gas was being passed b> rectum, and were 
misled into believing that the patient could not be obstructed 
The value of colonic imgitions as a diagnostic and therapeutic pro 
cedure m intestinal obstruction has not been stressed sufficientlj The 
procedure usuall> is relegated to a nurse or an orderlv The signifi- 
cance of the return frequentlv is misinterpreted I have watched these 
irriganons being given and I have heard the irngator state that gas 
and fecal matter returned, when it was obvious that the amount of 
gas returned was not more than had been permitted to run in with 
the solution, and the fecal matter, onlv small flakes of feces washed 
from the walls of the colon I do not recall ever having a resident 
admit that he had had anv training m colonic imgation, either m 
medical school or during his internship I consider this training im- 
portant enough to instruct all of mv residents in the technic and 
interpretation of colonic irrigation m intestinal obstruction In addi 
tion, the residents of the New ^ork Post Graduate Hospital perform 
the irrigations m obstructed patients The carlj returns obtained from 
an irngaQon are of little diagnostic value, as the feces obtained are 
those which are left in the bowel distal to the pome of obstruction 
Once the return becomes clear, and gas is no longer expelled, if the 
irrigation is continued and the patient obtains no relief from cramps 
and distention, the diagnosis of obstruction is stronglv suggested In 
the obstructed bowel, the amount of fluid that can be run into the 
colon becomes less as the irnganon progresses, for the bowel distal to 
the obstruction collapses as it is cleansed, and its capaci^ is there- 
fore reduced In paral)tic obstruction the return will connnue to be 
colored 

Digital examination of the rectum gives valuable information in dif 
ferentiating between paral>tic and mechamcal obstruction I have 
found that the bowel that is mechanicallv obstructed is collapsed 
against the examimng finger The paralv dc bow el will present a 
dilated ampulla of the rectum This test is best done following the 
imgation. 

In the limited space available for this discussion, I shall omit the 
theoretical considerations regarding absorption of toxic matenals from 
obstructed loops, and the various chemical aberrations that occur m 
intestinal obstruction 

In the vast majontv of patients suffenn^ from a malignant obstruc 
non of the large bowel, the lesion is found in the left colon m the 
region of the sigmoid Obstruction is not a prominent sj’mptom m 
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carcinoma of the right and transverse colons However, it is usually 
an early s>mptom in carcinoma of the left colon The cause is obvi 
ous The right colon is of large caliber and its contents arc liquid 
The left colon is of much smaller caliber and its contents are solid 

TREATMENT 

Large Bowel Obsfruehon — The treatment of obstruction of the large 
intestine is surgical It must be emphasized, however, that before pro- 
ceeding with surgery a period of preoperativ c preparation is essential 
Intubation of the small intestine in the presence of a competent ileo- 
cecal valve is a useless procedure The stomach should be emptied 
with a Levin tube, and measures to combat dehydration should be 
put into operation The mortality rate can be reduced b> good pre- 
operative treatment At times it is difficult to convince the family 
physician and relatives that valuable time is not thus wasted In an 
average case, only a few hours are needed to correct the dehydration 

When a patient is admitted with suspicious symptoms of obstruc- 
tion of the large bowel, if the condition permits, a barium colon 
enema is given This usually confirms the diagnosis It should be em 
phasized that a barium meal should never be given bv mouth if there 
IS a possibility of obstruction At times the barium colon enema may 
be misleading The head of the barium meal may stop abruptly, in 
dicating that the obstruction is complete, whereas small amounts of 
gas and fecal matter may be able to pass the obstruction In partially 
obstructed cases, if a rectal irrigation is given by a trained individual, 
the obstruction frequently can be overcome and the patient can then 
be prepared for resection Irrigations w iih hy pcrtonic saline solution 
are given daily, and when gas and fecal material are passing the point 
of obstruction, a daily saline cathartic is administered One must be 
cautious with the use of strong saline catharsis because of the danger 
of perforation I have a patient m the hospital at the present time m 
whom this occurred This patient did not present symptoms of ob 
struccion when preoperativc treatment was begun His \ rays showed 
a malignant lesion m the sigmoid, and the patient appeared to be in 
excellent condition He was given a dose of licorice powder on admis 
Sion, and three hours later, m error he was given a dose of Pluto 
water Four hours afterward the patient was seized with severe ab 
dommal pwm and went into collapse Examination revealed a rigid 
abdomen and clev ation of temperature and pulse rate The patient was 
operated upon and the abdomen was found to contain a fair amount 
of free fluid which was emerging from a perforation at the site of the 
carcinoma The perforation could not be repaired The tumor was 
resected The distal end of the colon was clamped and the proximal 
end was brought out The wound was closed around the bowel "itn 
drainage A Paul’s tube was inserted into the proximal end of the 
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colon and left open The patient made an une\entful reco\ery and 
an end-to end anastomosis as established n\ o v eeks later 
I have used this procedure mam nmes m obstructed carcinoma of 
the left colon It has the advantage of removing the growth and over- 
coming obstruction at the first operation It should not be attempted 
if the seat of the growth is in an inaccessible part of the bowel, 
such as the splenic flexure After ten to fourteen days, when the 
patient’s condition has improved, an intrapcritoneal end-to-end anas- 
tomosis IS performed If the anastomosis is done w ithin this time there 
IS little danger of peritonitis, whereas if it is dclaved for several weeks 
the danger is increased This, in all probabilitv , is due to the fact that 
there is a certain period of time following the first operation during 
which the patient is immune to infection Ko attempt is made to 
suture the walls of the bowel as is done m the first stage Mikulicz 
operation, which operation necessitates the removal of the spur 
If the patients condition is too serious to justif) this procedure, or 
if the site of obstruction is m an inaccessible location, it is preferable 
to do an appendicostom>, using a No 22 or 24 rectal tube, rather 
than a catheter If the appendix has been taken out a transv ersc colos- 
tomy or cecostom) ma> be performed 
I have found appendicostomy to be a most satisfactory way of re- 
lieving obstruction If it is properl> performed, there is no danger of 
leakage when the tube is removed A McBumey incision is made and 
the appendix located and delivered It is divided with a cauter>% ^4 
inch distal to the cecum, between two straight clamps A purse string 
suture IS inserted around the base of the appendLx and the loop and 
two ends of the suture are held b> an assistant The wound and in 
tcstine are carefully protected by saline pads to avoid contamination, 
as there is usuall) some leakage from the distended cecum This leak- 
age IS prevented to a great degree if the purse string suture is prop- 
erlj held The proximal clamp is then removed and, as the end of the 
stump IS opened, the tube is inserted into the cecum for a distance of 
4 to 6 inches The extreme end of the stump is sutured to the wall of 
the tube on each side with a catgut suture The stump is then in- 
verted by pressure on the tube, thereby having the serous coats m 
apposition when the tube is removed If a piece of omentum can be 
found It is advisable to make an opening through which the tube 
ma> be inserted before entering the stump of the appendix The 
omentum is sutured around the tube after it has been inserted When 
the abdominal wound has been closed, the tube is anchored to the 
skin by a deep silk suture 

If there is enormous distention of the cecum, a gallbladder trocar 
and cannula is inserted into the cecum by forcing it through the 
stump of the appendtx, which can easily be done 
if the purse string suture is held properlj The trocar is partially with- 
drawn and gas and feces are allowed to escape through the cannula 
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Tension on the uali of the cecum is released so that the operation 
may be completed without soiling 
When an 3ppendicostom> is performed for an obstructing lesion 
of the right colon sc\eral da>s before proceeding uith the resection 
of the right colon a Mdler Abbott tube ts passed into the small intes- 
tine and the appendicosromy tube is rcmo\ ed just prior to operation 
A one stage resection and anastomosis js performed and the Miller 
Abbott tube is left in place for four or five days to decompress the 
anastomosis or until gas and feces hate passed b> rectum 
Small Bowel Obsirucfion — In small bowel obstruction the preopen 
tise preparation is more difficult and time consuming The patients 
condition is usually more senous the deb> dxation and chemical de 
pletton more se\ere Distention in small bowel obstruction is more 
marked and must be corrected prior to operation Decompression is 
iccomphshed cither with a Lciin tube or a Miller Abbott tube One 
should not be misled bv the apparent nnpro\cmcnt frequently seen 
after the stomach has been emptied and after lOOO to 2000 cc of 
saline m glucose hue been administered The relief afforded is fre 
quentl> dramatic and the patient ma> fed so much better that the 
advisability of an operation may be rjucstioned I have rccentl> oper 
ated upon a w oman 65 > cars of age w ho was admitted to tfie Pose 
Graduate Hospital w ith a histoiy of small bow d obstruction due to 
a band from an appendi\ operation performed t\\ent> five >ears 
before After several quarts of foul >cllow material had been obtained 
b> lavage and }500 cc of saline and glucose had been given the ab 
donimal distention and cramps disappeared She felt so much bener 
that 1 had great difficulty in com mcing her and her family that opera 
Cion was necessan M hen the abdomen was opened a loop of ileum 
12 inches long was found henuated through a small string like band 
Forcunatelj after releasing the comrnetjon the color returned, and 


It did not require resection 

LtTfe Postoporatne Ohstrcictiou ^\Vbtn a patient is suffering from 
small bowel obstruction vvith a historj of an operation some months 
or years prev^iouslv the chances arc that it ts due to a band With a 
history of this 1 ind many think the Miller Abbott tube is indicated 
and lose valuable time m trying to pass it The Levin tube which is 
easily passed accomphshes as much as the Milter Abbott because a 
rube of larger caliber can be used The danger to the patient who has 
a history of a former operation and is suffering from small howe 
obstruction is gangrene of the loop of the bowel which has passe 
through a constricting band The Miller Abbott rube can only pass 
to the point of obstruction and cannot relieve the bowel which is 
caught Thus the use of the Miller Abbott tube cannot be advowK^ 
as It frequent!) gives complete rrlief to the patient for several 
and no symptoms are present until the loop actually 
grenous This delay endangers the patient s life The Miller Add 
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tube should be used onI\ as a prcoperame measure in earh small gut 
obstruction Pjoents wiih late small bowel postoperatuc obstruction 
should be operated upon as soon as deh\ draaon and distention h3\ e 
been o\ercomc ^^'angenstcen has stated that ‘the possibilin of fail- 
ure to aclue\e satisfacton decompression with conser\amc means 
(sucuon) prompted McKittnck and Sams (1940) to suggest that all 
panents conung to hospital \\ ith obstruction w ithin n\ enn -four hours 
of onset of s^ mptoms, should be subjected to immediate operation ” 
Unforrunateh , few panents suffenng from obstruction are admitted 
within the first twenn-four liours 
If gangrene of the loop of the mtcsanc a!rcad\ has occurred, it is 
a great mistake to attempt pnmir\ anastomosis after resection The 
two ends of intestine should be left open on the abdominal wull until 
the panents condition justifies anastomosis To pr^\cnt leakage on 
the abdominal wall with consequent imranon, a Pauls tube is tied 
into the proMiual end as is done in the operanon on the colon \\ hen 
the Pauls tube is remo\ed, the skin of the abdominal wall is pro- 
tected b\ frequent applications of Enzo-cal ointment * Fonnerh, we 
used aluminum powder or paste, bur have found Enzo-cal much more 
satisfacton as it is cleaner, not grcas\ . and has a pleasant odor 
Earl\ Postoperative Obstnictton —In carl\ postoperatne obstruc- 
tion, the diagnosis ma\ be more difficult The earl\ ssTuptoms of 
cramplike pain nii\ be mistaken for gas pains which occur m the 
first few da>s followmsr an operanon Another frequcntl\ misleading 
s\mptom ma\ be diarrhea, wluch maN be due to the h\ perpensraUis 
set up in the small intestine in an effort to o\ercome a pamalU ob- 
structed loop of small intesnne that has become adherent or kinked 
As the obstniction becomes more complete, the usual s^*mptoms arc 
more clearU defined It is dunng this earb stage that the iMiller- 
Abbott tube (contraindicated as a curatnc measure m late obstruc- 
tion) has Its greatest benefit W hcrcas most of these obstructions ma\ 
be rehe\ed inuibation and suction if the patient docs not show 
signs of imp*-o\ emenr, as is cMdcnced b\ persistent distention and in- 
crease m pulse rate, too much tunc should not be wasted in reUing 
upon the tube \\ hilc it is true that suction if properh used, wall 
rclieie mam patients, it is not infallible It requires a great deal of 
courage to continue its use w hen w c know that a simple cntcrostonn , 
performed when the patient is in good condition, affords relief 
Mam surgeons hesitate to operate upon patients who ha\c recent 
postoperatn e obstruction The obstruction is alwa\s caused b\ in- 
nammaton , fibnnous adhesions or kinking of the intestine m the low er 
abdomen or pehis An exploration is not neccssan A short rectus 
incision IS made on the side opposite the onginal operation The first 
piece of dilated bowel that presents itself is selected for the site of 
enterostomi No attempt should be made to introduce the hand into 
Prepared b\ Crooks Qicmieal Cbnipan\ 
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thc abdomen to determine the cause of obstruction or to relieve it 
A piece of the greater omentum should be picked up with a sponge 
forceps A No 22 or 24 rectal tube ts inserted through an openin'^ 
m the omentum A purse-^tnng suture is placed in the intestine and 
the assistant holds it after the wound has been well protected, and 
enterostomy is completed The omentum is sutured around the enter 
ostotnj It does not matter whether the tube is placed proximally or 
distailj The intestine is replaced and the w ound is closed The edge of 
the tube should be sutured to the skin with a double silk suture which 
should be tied loosely Abdominal dr«smg is applied I have found 
that irrigation of the intestine through the tube with hjpertomc salt 
solution tends to lessen totic absorption w hicii occurs after distention 
IS lessened In three or four da>s, obstruenon is rcbeved and the 
patient begins to have normal bowel movements which arc frequently 
diarrhea like At this time suction m3> be discontinued The tube rmv 
then be clamped to prevent loss of fluids but reopened, should cramps 
or distention recur The tube should not be remov ed for ten or tw eh e 
dajs When removed, leakage from the intestine is evtremelj rare 
Aneifhesia -In m> experience spinal anesthesia has been b> far the 
most satisfactorj and safest anesthetic for operations in mtestim! ob* 
stniction either of the large or small intestine Graham and Browu 
have staled that the surgeon who operates upon a patient sufferuif 
with acute intestinal obstruction using inhalation anesthesia if ade 
quate facilities for spinal anesthesia are available, is guilty of malprac 
cice In operations upon patients who are suffering from adranced 
intestinal obstruction, no matter how effective suaion by means of a 
Levin cube has been there is frequently regurgitation of intestinal con 
tents into the stomach, w htch may be vomited, and mspirated if gen 
eral anesthesia is used There is much less danger of contaminanon in 
opening the bow el w hen complete relaxation is obtained through the 
use of spinal anesthesia 


SUMMARY 

1 The mortalitv in intestinal obstruction is dependent upon earlv 
diagnosis adequate preoperative preparation and prompt surgery 
where indicated 

2 Colonic irrigation is of inestimable value m the earH 

of obstruction, provided it is given skillfully and interpreted properly 

3 A valuable sign m the differential diagnosis of mechanical and 
paralytic obstruction is presented in simple rectal, digital examins 
non Patalj tic gut presents a dilated ampulla The mechanically ob 
structed gut is collapsed about the palpating finger 

4 The Miller Abbott tube is a valuable instrument m the treat 
menc of early postoperative obstruction It may be a dangerous m 
strumtnc m the treatment of late postoperativ e obstruction and it JS 
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a useless instrument in colonic obstruction, for it cannot decompress 
the large intestine in the presence of a competent ileocecal \ aU e 

5 One-stage operation for obstruction should not be undertaken in 
the presence of distended or dilated intestine 

6 Enterostomy is a safe and effectne procedure for the treatment 
of small intestinal obstruction when done early 

7 Spinal anesthesia is the anesthetic of choice 
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DiVERUCUUTIS OF THE COLON 


Hr>RY Cue, AID, TAGS* and Wilsos E Alsop, M Df 

DivERTicytins of the colon is for the most parr treated the 
ph> sjcian A small noniber of patients suffering from this disease re 
quire surgical inrmcntion In general it m3> be stated that the mdica 
tions for surgery arc the complications 

There is no imaninijr> of the opinion as to the causame factor or 
factors that produce dneracuh Mans obese persons after the age 
of fort} dcielop sacculations along the colomc uall No confusion 
exists as to r)ic mechanism initutmg the mflammaron process, for it 
IS agreed that blockage at the neck of the sac will result m such a 
reaction 

Some bclicte that acquired divciticuh usually deiciop on the 
mesenteric side through openings benseen branches of the tcrminai 
blood vessels frequencl) thev are found in the antimesenrenc border 
or even procfudirig from the lateral walls Increased intracolonic pKS 
sure atrophung weakened muscuboirc with advancing age, localized 
changes in the resisting power of the wall with the resulting muscular 
defjciencj -all have their advocates * 

Where a dnemcuUtm has not reached the surface of the colomc 
nail bue hes buried in its lasers, edema and sneihng siipcncne and 
an abscess may form which at times perforates into the coats of the 
colonic Wall To this process Cggers* has gn en the term ' acute sig 
moiditis ' 

During the past eleven and one half years from January 1, 1954, to 
Julv }, J 94/ certain informatn c data liav c been obtamed from a study 
of 151 patients suffering from di\ crricuhtis of the colon and treated 
on the various services at The Roosevelt Hospital There were thirtv 
nine patients operated upon with si\ dcatlvs, a mortahty rate of 155 
per cent Of these surgical patients there w ere nineteen males and 
twenty females, with an average vge of 51 years 


SYMPTOMS AND SIGNS 

The majority of the individuals are thick set, obese, with prottud 
ing abdomens In tlic earlier stages of the disease the patient com 
plants of a lameness and soreness in the lower abdomen usually 0“^ 
the left Side Of our tlurtj-omc patients who were operated up^ 
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thirteen demonstrated tenderness and muscular spasm in the left lower 
quadrant and five in the right lower quadrant At this stage there is 
no rise in fever and the leukoc>te count is of little help A thickened, 
spastic sigmoid can be felt in thin individuals and \-ri) examination 
reveals a characteristic “picket fence” appearance due to serrations 
of the sigmoid which result from edema and spasm of the circular 
fibers Medical measures if immediately instituted frequently avert 
further progress of the disease 

ROENTGENOGRAMS 

Patients reporting to the roentgenologist for \-ra> s of their colons 
by means of the barium enema complain most frequentl> of lower ab- 
dominal distress and some pain cither general or local Frequently they 
give a history of blood in their stools The roentgenologists tell us 
that It IS difficult to determine the source of the blood from the \-ray 
findings, but in bleeding patients over the age of 40 diverticula are 
frequently found The majority of patients upon the discovery of 
blood in the stools believe thev arc suffering from cancer of the 
colon In cancer, however, blood is more frequently absent than 
present 

The filling defect m diverticulitis is usually long X-ra>s will fre- 
quently reveal an inflammatory lesion with or without visible diver- 
ticula or an acute diverticulitis in which diverticula arc present with 
or without tumor formations The \rays of course also show in- 
flamed diverticula with obstruction and finally diverticulitis with 
obstruction 


MEDICAL TREATMENT 

The medical or conservative treatment has in the past consisted 
principally of complete rest m bed, generous parenteral fluids and 
liquid diet, heat applied to the abdomen, and retention enemas of warm 
oil or g]ycenn supposicones fo keep the Jouer bowel empty BeJ/a- 
donna, hyosevamus and papaverine hydrochlonde are used extensively 
as antispasmodics Sulfonamides and penicillin will no doubt dimmish 
the mortality Streptomy cm, a potent agent w hich readily destroys 
the Bacillus coli, perhaps may plav a cumtiv e role 
Should the prediverticular stage fail to subside the inflammatory 
process advances Infiltration deformity and resulting edema produce 
symptoms and signs of impending obstruction Fever increases, eleva- 
Uon of the leukocy te count and sedimentation rate ensues and a ten- 
der mass can be palpated m the left lower quadrant Bladder symp- 
toins are frequently complained of Rectal examination may reveal a 
tender mass and at times as a result of the mobility of the sigmoid 
exure a mass is felt in the right side which is usually diagnosed as 
appendicitis with or without abscess formation 
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At this stage the -openings to the diverticula arc closed b> edema 
and if a barium enema is given the banum does not enter, the sac 
culatjons protruding from the wall are not visualized The mass due 
to div erticulitis is tender whereas «j carcinoma, unless there is impend 
mg perforation, or obstruction tenderness on palpation is mimnniin 

SUR61CAL rREAtMENr 

The evolution of the operative crcatmenc has been slow cautious 
and conservative and rightly so for most opexatne maneuvers n 
cept simple incision and drainage are hazardous and even incision and 
drainage have resulted m a prolonged morbidity and high mortality 
In the management of inflammatory lesions within the abdomen, ue 
J,novv of no other lesion that requires sounder judgment both med 
ical and surgical to insure success. We have performed flfty siv opera 
tions on the thirty nine patients treated surgically for diverticulitis 

Resection of the diseased segment followed by end to end or side 
to side anastomosis is not w ithout danger, and let it be emphasized that 
not infrequently resections with end to end suture result in fibrotic 
strictures, for being an inflammatory lesion and nor a maiignanr one 
the entire diseased segment is sometimes madequatel> cvcised In our 
group we did resections with end to end suture m five, and resection 
with end to side in one 

Extertorizatton of a diseased redundant sigmoid loop is justified if 
there a no histor} of a recent abscess or of acute perforation with a 
diffuse peritonitis Wc unlizcd the Mikulicz method only twice in 
our senes 

Pamal dcfuncnonahzmg of the left colon by cecostomy in the pres- 
ence of complete obstruction is a life saving measure In seven in 
stances we performed cccostomy 

Colostomy above the involved area n a safe procedure in cases of 
slight or no obstruction and has m the past justified its use It is em 
ployed more umversally than anv other operative measure On seven 
occasions wc employed it 

To completely defuncftooahze the left colon after the method of 
Devine is emmentiy satisfactory, cspcciaUj if the patient’s condition 
IS good and there as no marked obstruction Wc used the method sw 
rimes m the senes 

We have in two instances employed a sidetracking procedure 
(which no doubt has previoulj b«n employed by other suigcom) 
which bmits further advance of the disease and puts at rest the m 
solved descending and sigmoid colon thus affording the patient an 
opportunity of rehabilitation The mnsv erse colon is divided just w 
the left of the hepatic fleturc this flexure is mobilized an end tossot 
or rarely and more safely a side to side anastomosis is done 
the proximal end of the divided transverse colon and a prov en heaii v 
lower sigmoid segment, the distal divided end of the transverse co o 
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IS brought out as a mucous fistula, and cecostomy is performed Thus 
the fecal stream is completely di\ertcd from the inflamed bowel 
In t\%o instances 1 hate performed colo-colostomy in tins fashion 
with satisfactorj’ results 

Smithwick- suggests a bold attack upon the lesion itself pnor to 
comphcations He resected the colon of tttelve patients “because of 
recurrent attacks of dnerticuhtis, eight because of chronic dnerticu- 
litis with a mass simulating carcinoma, eight because of persistent fis- 
tulas, four had acute lesions with an associated abscess m nvo in 
stances, and one had persistent obstruction due to a fibrostenosing 
lesion” He concludes that “resection of the imohed segment of the 
bowel appears to offer patients suffering from the more se\ere and 
compheated form of dnerticuhtis the greatest hope of improaement 
If the operation is carefull> planned, the mortalit\’^ should be low, 
serious comphcations few, and imsatisfactor) late results infrequent’ 

COMPLICATIONS 

Abscess with Local Peritonltjs —The most frequent complicaDon of 
dn erticulitis requiring surgery is abscess formation with local perit- 
onitis This condition m the absence of obstruction necessitates mci- 
son and drainage alone Certain of our medical colleagues hold to the 
view that if undisturbed the abscess wiU break through into the 
bowel and thus discharge and eventually cure itself A risk is added 
to this waiting policy, for the abscess does not infrequently attach 
Itself to the bladder when breaking through, thus causing an entero- 
vesical fistula With sulfonamides and penicillin in massive dosage and 
perhaps the new streptomycin a more conscnative attitude may be 
taken If after a reasonable time the abscess does not subside, simple 
incision and drainage is indicated In fifteen of our thirty-nine patients 
this was earned our. There infrequently may be encountered a con- 
dition requinng more than simple incision and drainage If an asso- 
ciated obstruction is present, cecostomy is indicated We would prefer 
transverse colostomy for most of these patients at this stage of the 
disease but they are not good risks and as httle as possible should be 
done 

After the abscess cavity has been ev acuated by suction a fair-sized 
opening may be found in the bowel wall Here a divided colostomy 
of the simplest sort above the lesion would be indicated, since ex- 
teriorization of the perforated loop at this time w ould be an unneces- 
sary risk 

—Acute perforation of an inflamed diverticulum occurs, 
^use pentomtis ensues with a rigid abdomen and many patients in 
tms group are operated upon as emergenej cases with the diagnosis 
o acute suppurative appendicitis, acute salpingitis or perforated peptic 
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It js true that many of the smaller perforations are immediately 
sealed off bj the omentum or by loops of small mtestmes or even by 
the fatty appendages of the descending or sigmoid colon Some are 
sealed off by being fixed to the parietal peritoneum or to the blad 
der It IS interesting to find what a faigc number of acute perfora- 
tions w as reported by Roscoe Graham ® In his group of fort) four 
cases there were eleven or 25 per cent in which perforation had oc- 
curred abrupth and which necessitated emergency surgery In our 
group there was a prcopcratit c diagnosis made of scute diverticulitis 
with peritonitis in eighteen instances Perforation had not occurred in 
all of these and the patients were not operated upon immediatel) 

Many of these patients arc operated upon through a McBurney in 
cision because of the preoperatne diagnosis of acute appendicitis If 
the diagnosis is found to be erroneous the intermuscular incision is 
sutured and a lower left rectus incision is made "We have seen 
numerous instances in which there had been an attempr to enlarge 
the McBumcy incision with a Wcir extension and an effort made to 
drain a perforated divcmculum on the Jeff Side or even atrempts at 
the more difficult procedure of suturing the perforation It docs seem 
justifiable to close a perforated dneniculum by putting in a free fat 
graft or a pedicle graft or to close m over the opening the fattj 
appendages of the sigmoid colon If this is done it w ould seem rca 
sonable particularly m the desperately ill mdnidual to do a cecostomv 
m order to decompress for fiatus, tiius taking the pressure off the 
sutured perforation We have earned out closure of the perforations 
m four panencs 

As a rule the tissues arc so edematous that no form of suturing can 
be done and these patients furthcnnorc arc desperately ill In these 
instances drainage at or near the site of perforation is a more con 
scrvative measure Even if a rubber tube for drainage is inserted and 
kept in position for a week or ten days many perforations will close 
spontaneously, some will not 

Obstruction —Obstruction will occur in a certain number of indivw 
uals whether the divcxnculiDS is m an acute or a chronic phase w e 
know that coincidentally with the diverticulitis there may exist a 
carcinoma We do not believe that diverticulitis is a predisposing fac 
tor to malignant change or changes 

If the diverticulitis is m the acute phase with elevation of tempera 
ture and in associated or impending periconicis, cecostomy if done 
early m the course of the disease is a timely procedure If the o 
structive lesion is of a chronic nature a divided colostomy m tne 
transverse colon (preferably b\ the method of Devine) will 
the obstruction and defunctionalize the left colon thus giving the is 
eased segment an opportunity to subside Certainly diversion oi i 
fecal stream by div ided colostomy is more satisfactory to the 
It has been our observation that ujn^rvarne medical measures 
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frequently been follow ed far too long, prior to initiating decompres- 
sion 

There arc instances of healing of the diverticulitis, acute or chronic, 
and closure of the cecostom> or colostomy must be considered, one 
should be certain that the constricting lesion of the descending colon 
or the sigmoid has loosened to permit of a comfortable passage of 
fecal matter through this area before closure is carried out Closure 
of colostomy was done in four patients in our group 
Fistula —The distressing complication of fistula formation is not in- 
frequent Even before surgical intervention fistulous openings may 
form, burrowing their waj through the anterior abdominal wall, or 
into the urinary bladder, or into the loop or loops of adjacent intes- 
tines Following incision and drainage of pcndiv erticular abscess grav e 
apprehension is felt as to whether or not a fistulous tract will form, 
as It has been said that “many close spontaneously but some do not " 
These fistulous tracts to the anterior abdominal wall are at times 
troublesome Numerous attempts arc made to close the opening by 
the injection of various drugs such as sulfonamides, lipiodol or pemc- 
illm Repeated curettage of the fistulous tract has been earned out 
usually without success If this discharging opening becomes too much 
of an anno>ance to the individual he maj in some instances submit 
himself to further operative procedures such as resection of the fis- 
tulous tract and an attempted closure of the opening of the bowel 
Mall or even resection of the segment 
The fistula into the bladder demands surgery Assuredly colostomy 
IS advisable to divert the fecal stream from the bladder We believe 
with Dixon^ that a resection of the involved segment of the bowel 
with the adjacent tract into the bladder must be earned out before 
a cure is obtained Certaml> before any measure at all is taken to close 
these colovesical fistulas, diversion of the fecal stream is essential 
Mortality —When the disease progresses to the stage where surgery 
IS indicated a moderate mortalitj can be expected, no matter when 
the surgical procedure is carried out or what it is This is especially 
true in those instances of perforation with diffuse peritonitis or even 
with abscess formation Incision and drainage alone will give the low- 
est mortality In individuals in whom a resection can be carried out 
as an elective measure and the patient can be properly prepared with 
a divided colostomy above, there is no reason to expect a hich 
mortality 

SUMMARY 

An analy sis was made of thircv nine cases of diverticulitis in which 
operation was done over a period of eleven and a half years The 
Mere selected for operation from 131 patients suffering from 
me msease and being treated on the various services of The Roose- 
ospitai There vv ere six deaths, a mortality rate of 1 5 3 per cent 
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Most patients treated consenatHclj by medical management recov 
ered There are certain of these who will have recurrent attacks and 
m them resection and a quiescent period will be justifiable 
The patients demanding emergency suigery are those suffering from 
acute perforation or obstruction Those having fistulous openings 
into the abdominal wall, the unnaiy bladder or a loop or loops of the 
bowel can be cured by surgical means 
Cccostom> is satisfactory and is safer than colostomy in the cases 
of acute obstruction 
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PERFORATING WOUNDS OF THE RECTUM 


Major Edmund J Croce 
Medical Corps, Army of the United States 

Perforating wounds of the rectum, c\en vhen uncomplicated by 
perforations of the intraperitoneal \iscen and peritonitis, are attended 
by a high mortality and morbidity rate ' The reasons for this ha\ c 
become obvious, from an analjsis of the battle casualties \\c have had 
the opportunity to study and treat during the past three years 

VULNERABILITY OF THE RECTUM TO INJURY AND INFECTION 
The rectum is for the most part a retroperitoneal and infraperit- 
oncal organ The cellular areolar tissue about it is particularly prone 
to spreading infection Moreover, the constitutional effects from this 
infection, referred to by World War I authors as ‘ colon septicemia,’ ® 
are profound, since this tissue is poorly adapted to limitation of the 
infectious process and is richl> supplied \Mth l>mphatics 
In other respects, also, the rectum is highlj a ulnerable ® It is cn- 
shcathed m a condensation of fascia, the cndopelvic fascia, which may 
deflect the missile to produce e\iensi\e longitudinal lacerations, or 
direct contusions eaentually resulting in infarctions Furthermore, the 
blood supply of a large part of the rectum is from a terminal artery 
closely applied to its posterior wall, so that injury to this -wall readily 
results in infarction of the rectum distal to the point of trauma More- 
over, large and numerous vessels traverse the mfraperitoneal space, in 
their course to and from the lower extremities, and the highly vas- 
cular pelvic viscera, so that extensive mfraperitoneal hemorrhages com- 
monly follow perforating pelvic wounds Hematomas readily track 
upward into the retroperitoneal space thus aiding in the spread, over 
a Wide area, of infection from a perforating wound of the rectum 
Injury to the lumbosacral plexus is not a rare complication, it occurs 
especially to the nerve roots m injuries of the corresponding lumbo- 
sacral vertebrae If the bladder is full at the time of injury, and the 
missile traverses anterior to the rectum, there maj be an associated 
perforation of the floor of the bladder, and rarely of the lower ureter 
While the damage to these v ital organs within the pelvic cav ity is 
paramount, the injury to the pelvic wall delivered by the missile en 
route must not be overlooked Quite commonly there is a fracture of 
the osseous framework of the pelvis, more rarely the fracture in- 
volves the hip joint itself In addition the missile passes through many 
fascial compartments, pro bably leaving behind, in one or more of 

from the Surgical Service, Halloran General Hospital Staten Island New York 
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these, foreign bodies or dcMtalized contaminated tissues uhich nia> 
eventually result m cryptogenic abscesses These, m the presence of 
more obvious lesions, may not become manifest until they point m 
some distant location 

THE PROBLEM OF EARLY DIAGNOSIS 
Alost of these injuries increase the morbiditj, but once the casualtv 
recovers from primary shoct, they are not likely to result m the triad 
of sepsis, malnutrition and death, particularly jf perforation of the 
bladder, and espcciallj of the rectum, is recognized earlj and properlj 
treated However, perforating wounds of the pelvis present a special 
problem m establishing an earlj and complete diagnosis 
The extent of the damage caused b> such wounds can rarel) he 
visualized directly, as m the case of intrapenroneal injuries b> i sim 
pie surgical exploration vet it is quite important that i diagnosis he 
made with no unncccssar> trauma, as soon as the patient has been 
treated for priinaiy shock Neither absence of clinical shock nor rapid 
recovery from shock is a guarantee that a perforation of the rectum 
with coexisting injuries to vital stnictures is not present 
In establishing an exact diagnosis of the lUjurj, knowledge of the 
approximate course of the missile is invalualile m the first evaluation 
of the fresh casualtv It is often overlooked later m the clinical course 
when It might well explain some of the late complications If the 
wound be penetrating, rather chan perforating anreroposcenor and 
lateral roentgenograms ti> locating the missile will indicate its course 
In fact, roentgenograms of the pelvis and abdomen should be taken 
in all penetrating wounds of the thighs 
Digital examination will often reveal a low and proctoscopic eum 
mation a higher, perforation of the rectum The presence of blood 
wiclim the lumen of the rectum is strong presumptive evidence of 
perforation Debridement of wounds of the buttock ma> lead directI) 
to the location of a laceration in the wall of the lower rectum or b) 
Its course, indicate the presence of such a laceration Careful exam 
ination of the abdomen often reveals urgent clinical signs in perforat- 
ing wounds of the pelvis, even in the absence of mtraperitoneal m 
jur> The patient with such a wound should be cathetenzed The 
presence of grossly blootlh urine should be considered suggestive 
evidence of a perforating wound of the bladder 

PROMPT AND ADEQUATE SURGERY 1$ INDICATED 
The secret of the greatly lowered mortalitj nnd morbiditj rate m 
perforating w ounds of the rectum in this \v ar lies onl) partl> in the 
excellent and earlj^ supportive measures our soldiers received soon 
after injurj abundant whole blood and plasma to restore the effec 
tive blood volume and thus hasten retover> from shock To a much 
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greater extent it lies in the application of prompt and expeditious 
prophylactic surgery. In the absence of such surgery our modem, 
chemotherapeutic and supporting agents, even when assiduously ad- 
ministered, have not been able to stem the tide of sepsis with its 
secondar}’ cachexia and djath.'* 

Prompt and expeditious prophylactic suigery of perforating wounds 
of the rectum locates and saucerizes the site of perforation and effec- 
tively by-passes the fecal stream as soon as possible after the treatment 
of primary shock. By removing the coccyx and, if necessary, the low- 
est sacral segment, and then incising the precoccygeal fascia, the rec- 
tum may be stripped upward posteriorly and laterally until the lacera- 
tion is exposed and sutured. The infraperitoneal spaces are then loosely 
packed. 

A laceration of the rectum may often be reached through the 
levator and its investing fasciae in the debridement of a wound of 
entrance on the surface of the buttock. However, the accessibility for 
suture of the laceration and the adequacy of drainage of the infra- 
peritoneal perirectal space are vastly improved by coccygectomy. 

While free drainage will prevent spreading infraperitoneal sepsis and 
death, suture of the laceration of the rectum is advised, if conditions 
permit, to preclude the formation of a chronic rectal fistula and thus 
obviate later surgery. 

Since perforating wounds of the rectum, even in the absence of 
infraperitoneal injury, arc often associated with urgent lower abdom- 
inal signs, sigmoid colostomy without exploratory celiotomy is sel- 
dom justifiable. A large infraperitoneal hematoma, raising the perit- 
oneal floor of the pelvis, is commonly the only finding on explora- 
tion. If the peritoneum is not lacerated so that the peritoneal cavity 
remains uncontaminated, sigmoid colostomy is the only intraperitoneal 
procedure indicated. 

If the pelvic peritoneum is lacerated, and evidence points to a high 
perforation of the rectum or the floor of the bladder, the peritoneum 
may be further incised and reflected, the perforations sutured if pos- 
sible, and the peritoneum resutiired after securing adequate drainage 
below. Sigmoid colostomy is then established through a left gridiron 
incision. If required, a suprapubic cystostomy with adequate drainage 
of the space of Retzius is done through the caudal half of the ex- 
ploratory incision. In case the sigmoid is long and sufficiently mobile, 
a spur type of colostomy is preferred. It prevents the spilling of fecal 
contents into the rectum more effectively than the loop type of 
colostomy. 

REPORT OF TWO CASES 

The importance of prompt and adequate surgery in determining 
the clinical course following perforating wounds of the rectum is 
well illustrated in the following cases:^ 
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Ca%e I^A. J2 year old soldiei sustamed a momr shell fragment wound of the 
left buttock on April 8, 19+1 at 6 JO p xt, whde m his company area. He med to 
walk to his quaners, but collapsed He was transferred to a field hospital where 
operation was petfotmed a few hours later 

Under endotracheal ether anesthesia, the wound of the left bunock was dc- 
bnded and pcrforaci ' “ 

incision, the coccyx 
the mfrapentoncal s 

position and through a lower left rectus tnctsion the peritoneal cavity was opmed 
and several perforations of the ileum repaired Then a spur type of sigmoid colos 
tomy was performed through a left muscle splitting incision 

The postoperative course was almost entirely satisfactory There was some 
delay in the healing of the transcoccygral wound due to a sequestrating osteo- 
myelitis of a small segment of remaining coci^ A sequestrectomy w as performed 
on May 9, 1944 and thereafter the tvound healed uneventfully The patient was 
transferred ro the 7one of Interior on July 2), 1944 

On admission to Hallorin General Hospital the patient’s general condition was 
good The sigmoid colostomy was functioning well, the operative wounds were 
healed and he had no complaints Barium studies of ihe large bowel and proc 
toscopic examination revealed that the petfotation was heated Laboratory data 
were normal After a period of observation and further recuperation, the coJos- 


Case II -A 2J jear old soldier sustained a penetrating cumhoc wound of the 
left buttock on March 27, 194J The bullet lodged in the bodies of the fiisl and 
second sacral vertebrae Laparotomy was performed the following mommg through 
a lower left rectus incision As an intrapcnroneal lesion was not found, the wound 
was closed without drainage and without colostomy The immediate postopera 
tivc course was very stormy The laparotomv wound became infected and w« 
widely opened Frank fecal discharge appeared from the wound of entrance m 
the left buttock Despite vigorous supportive treatment the patient became very 
lil and rapidly cachectic 

%Vhen the patient arrived at Halloran General Hospital on April JO 1941, he 
was severely septic and emaciated The laparotomy wound was superficially 


Laboratory data revealed moderate anemia despite numerous transfusions koeni 
genograms demonstrated a bullet lodged near the right sacroiliac io‘”f 

On May 6, 194J incisions were made m the left buttock to improve the dram 
age of the fecal abscess On Mav U I94J the mass in the right lower quadrant oi 
the abdomen was incised and found also to be a fecal abscess 

Subsequent roentgenograms after lipiodol injection through this inosuw re 
vealed a communication with the mfrapentoncal space Binum enema discloseo 
a Urge perirectal abscess communicatmc on the one hand with a petfontion o 
the rectum and on the other with ibe nght inteumal abscess Barium meal shoueo 
no evidence of an internal fistula from small bowel or cecum communicaung wtfii 

I rerm- 
■ rectutti 

dirrrt 

. . ^wnent 

nJ !* 
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buttock lost Its fecal character large amounts of malodorous pus continued to 
discharge from these incisions On August 2 194J the discharge from the right 
inguinal region resumed a fecal charaaer and it w as presumed that an internal 
fistula had now de\ eloped from ileum cecum or ascending colon On August 9 
194J the discharge became bloodtin^ed and on August 10 follow ing profuse hem 
onhage from the incisions m the nght inguinal region and the left buttock the 
distal colostomy orifice and the rectum the patient expured 

Postmortem exammation revealed marked emaciation The peritoneal floor of 
the pelvic cavity had been raised b} the iinderljing nccrotizmg infection of the 
uiftapentowcal space This infection had extended antetiorlj about the bladder 
It communicated with the abscess l>mg between the gluteal muscles through the 
bullet tract in the left levator muscle There was a pcrioration of the rectum m its 
posterior wall about 8 cm abov e the anal orifice The bullet la) embedded m a 
crumbled mass of cancellous bone in the bodies of the first and second sacral \ er 
tebrae Thence the fecal abscess had extended upward along the right iliac fossa 
almost to the liicr About midway in the posterolateral wall of the ascendmg 
colon It had established a large secondary fistula W e presume that his fistula 
was secondar) since it did not he in the path of the missile and because no fecal 
discharge appeared from the right inguinal incision /or almost a month after the 
sigmoid colostom) had been established There was a septic erosion of man) 
Mscenl branches of the pelvic vessels but the exact origin of the hemorrhage 
could not be located 


Comment— We have presented, by wa> of contrast, the clinical 
courses of two battle casualties with perforating wounds of the rec- 
tum Fortunately, the clinical course illustrated b> tlie second case 
has been the exception Imperfections jn earl) treatment have been 
minor leading to increased morbidity rather than death 
Both cases were given excellent early supportive treatment The 
first received in addition however earl) and adequate proph) lactic 
surgery consisting of proximal colostom) and cocc) gectomy to allow 
suture of the rectal perforation and sauccrization of the mfrapent- 
oneal space The second received inadequate treatment following the 
injury Late surgery alone may be unable to overtake the complica- 
tions attendant on rectal perforation Supportive measures such as 
whole blood, plasma and chemotherapeutic agents even when used 
vigorously, are m no way a substitute for, but merely adjuvants to 
intelligent surgery 


REFERENCES 


1 Hurt L F Injuries of Colon and Rectum Ann Surg 122 J98-407 (Sept ) 

\ J bounds of Abdomen Brit M J 1321 (Mar 10) 1917 

° ^ ^ ounds of the Rectum Surg Gynec & Obst SI 56 (July) 


4 Croce E J Johnson V S and Wiper T W 
Recmm Ann Surg J22 408-431 (Sept) 1945 


Injuries of E-xtrapentoneal 



SURGICAL DIAGNOSIS OF ACUTE INJURIES OF 
THE KNEE JOINT 

G BLU^DFLL Jones MD FRCS (Cnc ) FRCS (Edin )• 

tNTROOUCTION 

Tins paper is based on obsenatiom on 200 cases of acute injury of 
the knee joint exclusive of wounds and open fractures sustained by 
fit men of the British Second Arm) m the advance from Normand) 
into Germanv The majority of these were men who had no history 
of previous injury of the joint were front Ime troops of high med 
ica! category and sustained their injuries m i multiphcitv of ways It 
was of rhe greatest importance to arrive at an accurate diagnosis of 
the nature and extent of the lesion from the point of view of prob- 
able length of incapacity and m order lo allow as many as possible to 
recciv e intensive treatment to render them fit for early return to duty 
Those with a probable incapvorv lasting over five or six wceLs were 
evacuated to a base and the remainder treated m the forward area 
of the latter 90 per cent returned to duty m their original category 
Although they could not be traced afterwards the return rate through 
hospital was not more than 2 per cent It is to be emphasized that the 
surgeon dealing with the pnnnrv joint injury is always in a better 
position to discover the nature and extent of the lesion than anyone 
at a later stage that he should record his exact findings for the benefit 
of anxone dealing with the later stages and that upon his diagnosis 
rests the application of precise treatment to insure the best possible 
eventual outcome A careful method m examination of such a com 
plicated joint vs essential to discover the whole story of damage done 
and certain valuable diagnostic points will be considered with a brief 
reference to treatment and prognosis 

HISTORY OF THE INJURY 

The importance of obtaining the patients detailed account of the 
mechanics and seventy of his injurv cannot be overstressed and it n 
often possible to arrive at i probable dwtroosts on this alone 
Mam Types of Injury -There arc four mam types of injury 1 
dvcuon, Flexion and External Jlotfltion of the Ttbfa —This is the com 

inonesc mechanism in football skiing running over rough ground ana 

jumping m battle the foot being fixed by obstruction while 
momentum of the body vnward and rotating medially produces the 
lesion This violence produces first a stretching or partial tearing 
• VJj/or Royal Army Medical Corps Onhopedc Specialist British Arms 

40' 



403 


ACUTE INJURIES OF THE KNEE JOINT 

the internal lateral ligament, then a rupture, complete or partial, of the 
anterior cruciate ligament often together w ith the postenor cruciate 
ligament according to the degree of flcMon In addition, the internal 
semilunar cartilage is often tom uith displacement Varying se\enties 
of each of the abo\e lesions make the combined picture Sometimes 
fracture of the e-stemal tibial cond\Ie occurs, often Mith minimal 
ligamentous damage 

2 Abduction^ Flexion and Intenul Rotation of the Tibia —This is 
not a common mechanism but is seen m motorex clists, footballers and 
skiers The external lateral ligament ma\ be sprained or ruptured, fol- 
lowed m increasing Molcncc b\ in|ur\ to antenor cruciate ligament, 
external cartilage and the tendon of the pophteus The peroneal nene 
ma) also be injured 

3 Hyperextension —The knee is forced into h\ perextension b> force 
applied to the extended leg \\ith increasing xiolence the postenor 
capsule max be tom, partial lojurj of the postenor cruciate follows and 
then the major injun, nipture of the antenor cruciate ligament with 
or xxithouc axulsion of a fragment of bone at its tibial insertion 

■4 Forcible BjcL'-^ird Dtspliccniem of the This is seen m 

motorc) chsts and as a dashboard injun in xehicle crashes The pos- 
terior cruciate ligament is tom and max be axmlscd xxith a fragment 
of bone from the tibial attachment which is drawn through the pos- 
terior capsule mto the joint Or the whole tibial spine max be clexated 
Ollier Injuries —Other injuries xxortbj of mention are 1 Direct 
Contnstons —Thtst produce persistent local effects particulatlx in the 
region of the infrapatellar pad of fat and insenion of patella tendon, 
hemarthrosis often accompanies them Stellate and crack fractures of 
the patella are not uncommon 

2 Repeated Svnll Tr*wwwr— Men nding and working in tanks re- 
ceixing multiple blows on the flexed knee often shoxx persistent pain- 
ful sjnoxjtis This condition also occurs in miners 

3 Muscular xiolencc of the quadneeps xxill cause patella fracture 
xxith separation— a direct blow is often added at the same time One 
case of axnilsion of the quadriceps from the patella was seen in the 
present senes 

4 Alen undergoing continual sexere exeraon, such as mountain 
tr^ps, ma} dexelop fatigue changes on the patellofcmoral articular 

producing ‘hot spots or chondromalacia patellae (Oxxre, 
1936) Txxo such cases Occurred in the senes 

CLINICAL examination 

A routine method should be adapted, both legs being fullx exposed 
rom the groins, and the folloxxing is suggested 

Inspection— general appearance of knee, posinon held for com- 
ort, quadneeps measurement for xxastmg and tone and selecnxe wast- 
ing if present 
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2 Effusion— amount recorded by sign, diagnosed by fluctuation and 
patella tap Local temperature of the joint is important and hemar* 
tbrosis wiii be recognized b> heat, tenseness and baggy feeling The 
body temperature is often raised with hcmarthrosis 

? Points of acute tenderness— over joint line and ligaments In the 
acute phase these are of only general value but afford much more 
precise evidence as the joint settles 

4 Range of motement and its limitation by pain Active and 
passive 

5 Stability— always tested in companson ^vlth the oppo';ite side to 
rule out individual \anation Lateral mobility should be tested m 10 
degree fle\ion and full extension, anteroposterior mobility m 90 
degree flexion with muscular relaxation 

6 ManipuUtions-rotation m flexion McMumy’s test Rotation in 
20 degree flexion CIicI.s and thuds produced fay cartilage lesions are 
noted This is rarely possible in acute mjurj as relaxation is preiented 
by pam 

AH the above should be chccLed by companson with the opposite 
knee and recorded m detail It is not always possible to obtain full 
information at the time of the first examination but it can often be 
gathered m subseijuent days by careful examination and the salue of 
accurate previous records is here apparent 

RAOIOIO^ICAL EXAMINATION 

This must neier be omitted m joint injuries, houever certain the 
clinical findings appear Normal two-plane films will suffice generally 
but It may often be of advantage to asse-ss the amount of ligament 
damage by taking the joint m the deformed position and measuring the 
abnormal widening present Ligamentous injuries are often associated 
with avulsions of bone attachments and may be complicated by frac- 
tures of the condyles In addition, all those who have seen manj 
injuries will agree that occasionally surprising lesions can be discox- 
ered only by x rays I quote five examples from the present senes 

1 A “rotation sprain” x raved three weeks after injury because of 
slow reco' cry was found to be a fracture of the external condyle of 
the tibia, fortunately undisplaced 

2 A recurrent locking knee xvith all the signs and symptoms of a 

lesion of the internal cartilage was shown radiologrcally to be dot to 
an osteoclastoma of the tibia Operation had been performed (not by 
the writer') without x ray and a normal cartilage removed The ap- 
pearance of the tibial articular cartilage explained the mechanics of 
locking . j , 

3 Alt acute strain of the internal lateral ligament led to the oiscoi 
ery of an osteogenic sarcoma of the lower third of the femur 

4 A perforating bullet wound of the quadriceps not involving the 
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knee joint was found to ha\c a large area of osteochondritis dissecans 
of the medial femoral cond> le and a large loose bod) 

5 A s>Tnptomless Brodies abscess of the femur ^\as disco\cred in 
a rotation sprain and later caused persistent effusion 

EXAMINATION UNDER ANESTHESIA 

Severe injuries which are \cr) painful may not have been com- 
pletely diagnosed by the above routine Gentle manipulation under 
pentothal anesthesia after aspiration of effusion will reveal lateral liga- 
ment and cruciate ruptures, and loss of extension due to cartilage dis- 
placement The anesthetic also allows of painless aspiration of hem- 
arthrosis and of reduction of displaced cartilages If ligament rupture 
IS present it is important to know its extent and cither plaster im- 
mobilization or operation w lU be decided upon It has been my prac- 
tice to immobilize partial ruptures in groin to ankle plaster for eight 
weeks and to operate on complete ruptures of the lateral ligaments 
A permanent record of the degree of abnormal mobility may be made 
at this examinauon by x-n>s taken with the joint m the deformed 
position This IS not essenaal since the diagnosis is complete on clin- 
ical grounds The surgeon should now be in a position to give a pre- 
cise statement of the structures injured 

CLASStEICATION OF KNEE JOINT INJURIES 

Salienf Features of the Commoner Lesions — Interval Lateral Ltga- 
The tearing may be partial or complete, isolated or combined 
With other lesions 

1 Pam IS felt over the inner aspect of the joint, becoming more 
severe some hours after injury It ma> be less severe m complete rup- 
tures than in sprains 

2 There is inability to extend the knee full)— this is first voluntary 
for comfort and later due to hamstring spasm 

3 Pain IS increased by abduction, hence lying with leg on the outer 
Side IS most comfortable, it is also increased by full extension 

4 Acute tenderness over site of injury may be well localized to 
the ligament 

5 With relaxation either under anesthesia or gaming the patient’s 
cooperation abduction rocking m 10 degree flexion is increased If 
rocking IS present in full extension under anesthesia the antenor cm 
ciate IS probably tom in addition (Palmer, 1938) 

^ T 'With bleeding into the joint may or may not be pres- 

ent It depends upon concomitant synovial injury and if the rent is 
arge the effusion mav not accumulate but a general hematoma forms 
m a 1 tissues around the joint This is a trap for the unwar> 

\ tnr ^ n possible to cxclude displaced internal cartilage pre- 

ing full extension without examination under anesthesia after as- 
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piration If c'ctemion is still limited when reflex spasm is abolished and 
the fluid remoi cd then a displued cirtilage is resisting ic 

Extcrvil Lateral Ligwrcnt—The commonest site of injury is the 
inferior insertion and is oftoi accompanied b> aiulsion of a bone 
fragment from the fibular head The biceps msertion may also be 
avuised The clinical picture is much as for the internal ligament de 
scribed above as a mirror image resersed The occurrence of peroneal 
palsv should be borne in nund 

Qniciatc JLigainejitr —Isolated injuries arc uncommon In a rupture 
of either ligament there is a fcchng of complete msccunty when the 
hnec mo\es into flexion When the anteroposterior mobilitv of the 
tibia on the femur is tested with the knee at a right angle and the 
muscles relaxed abnormal forw ard mobility compared w ith the other 
side indicates anterior cruciate mjurv whilst abnormal backward shift 
denotes mjurj to the posterior ligament The sign referred to the 
anterior ligament is often onl> pre^nt m nonanesthctized patients 
early after m)ur>, as later hamstring spasm prevents it Cniciate in 
pines are often accompanied b\ bone avulsions from the tibul spine 
or a raising of the \\ hole spine and x ray examination is essentia! 
Those interested m the anatomy and mechanics of the ligaments of 
the knee joint in derail should consult Palmers chmeal study (1938) 

Combimd \ anous combinations of the ligament injuries 

occur m the multiplicity of violences that come to the knee joint in 
our mechanized existence and the motorcycle is highly productive of 
these With ligament tears often meiuscal lesions arc found and fne 
tures of the condyles of the femur and tibia Perhaps commonest of 
all IS the combination of mtcmal lateral and anterior crucutc ligamenr 
tear with rupture of the internal meniscus produced by the abduction 
flexion external rotation strain This combined injury is responsible 
for a large projjortion of permanently disabled knees and bad results 
following meniscccromy Proper initial treatment will tio much to 
minimize the eventual disability 

Types of Lesions— It is convenient to divide ligamentous injuries into 
three groups (1) minor partial ruptuies nr sprains, (2) partial rup 
rures, (3) extensive and complete ruptures These may be isohced or 
combined and are classified as such and may be complicated by frac 
ture or meniscus lesion 

A precise diagnosis should now be made of which these are two 
examples (}) Isolated minor j>awai rupture of miernal lateral lig^ 
menc (sprain) (2) Complete rupture of internal lateral ligament 
partial rupture of anterior and postenor cruciate ligaments, compb 
cated by torn displaced internal meniscus 

Any one of the injured structures may show a complete tearwh«« 
others are only partial, eg it ts possible to tear the internal cartilage 
with minimal ligamentous injury 
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Having armed at a precise diagnosis it is now possible to prescribe 
precise treatment 

ANALYSIS or 200 CAStS OF ACUTE KNEC INJURE 
Causvtiov 

Football (Association) ^ 

Battle accidents (jumping from tanks and vehicles, falls into holes, etc ) 
Motorc)de accidents 
Vehicle crashes 
Miscellaneous 

Diagnosis 


1 Minor partial ligament injury (sprains) 99 

(a) Isolated Internal lateral *^2 

Externa! lateral 12 

(If) Combined Abduction external rotation type M 

Others 14 

2 Partial ligament ruptures 25 

(a) Isolated Internal lateral H 

External lateral 2 

(i) Combined Abduction externa! rotation tj pc 8 

Others 1 

3 Complete ligament ruptures 19 

Combined Internal lateral and cruciate 13 

External lateral and cruciate 6 

4 Contusions and traumatic synoMtis 36 

5 Miscellaneous 19 

Fractured patella 7 

Dislocation patella 2 

Tracture tibial condyle 4 

Rupture quadriceps tendon 1 

Otfien 5 


Lesions of the menisci xverc dchnnel) diagnosed m eighteen of the combined 
injuries-sixteen internal and two external 

TR.tATMENT 

1 Operative —This will be necessary immediately onlyr in a small 
group of cases and they are mainly (<r) the complete lateral ligament 
ruptures and (Z») the displaced irreducible meniscal lesions Cruciate 
ruptures are almost always incapable of repair but occasionally avul- 
sion of bone fragment from the attachment may need operative re 
placement In the present senes five cases of lateral ligament rupture 
(three internal, two external) were subjected to operation Others were 
evacuated for treatment elsewhere The finding of ragged in-rolled 
ends w ith separation such as to render healing impossible w ithout much 
s«r and laxity is usual, and excellent approximation is secured by sim- 
ple suture alone or reinforced by fascial graft One external lateral 
igament rupture showed also avulsion of the biceps insertion Post- 
opcrative immobilization m plaster is continued for eight weeks 
- rlajler Immobiliiafion —This is used for the partial rupture with 
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piraiion If extension is stJH limited when reflex spasm js abolished and 
the fluid removed then o displaced cartilage is resisting it 

Exter}7al Lateral Ligmwenf '-The commonest site of injury is the 
inferior insertion and is often accompanied bj avulsion of a bone 
fragment from the fibular head The biceps insertion may also be 
aiulsed The clinical picture is much as for the internal ligament de 
scribed abo\c as a mirror image rexersed The occurrence of peroneal 
pals> should be borne m mmd 

Cruciate Ltgaiiieiits —Isolated injuries arc uncommon In a rupture 
of either Iigiment there is a feeling of complete msecuritj when the 
knee moxes into flexion When the anteroposterior mobility of the 
tibia on the femur is tested with the Inee at a right angle and the 
muscles relaxed abnormal forward mobility compared with the other 
side indicates anterior cruciate injurs whilst abnormal backward shift 
denotes injury to the posterior ligament The sign referred to the 
anterior ligament is often onls present m nonanesthetized patients 
C3rl> ifrer injury, as later hamstring spasm prevents it Cruciate in 
juries are often accompanied bv bone avulsions from the tibial spine 
or a raising of the whole spine and \ ray examination is essential 
Those interested in the anatomy and mechanics of the ligaments of 
the knee joint m detail should consult Palmer s clinical stud> (1938) 

Covibiiied lnjuues-\ arious combinations of the ligament injuries 
occur in the mulciplicit> of violences that come to the knee joint in 
our mechanized existence and the motorcvcle is highly productive of 
these With ligament tears often mcmscal lesions are found and frac 
turcs of the condvles of the femur and tibia Perhaps commonest of 
all IS the combination of internal lateral and anterior cruciate ligament 
rear with rupture of the internal meniscus produced b> the abduction 
flexion external rotation stnm This combined m)iir> is responsible 
for a large proportion of permancntlv disabled knees and bad results 
following menisccctom) Proper initial treatment will do much to 
minimize the eventual disability 

Types of Lesions— It is convenient to divide ligamentous injuries into 
three groups (1) minor partial ruptures or sprains, (2) partial nip 
tures, (1) extensive and complete ruptures These may be isohted or 
combined and arc classified as such and maj be complicated bv frac 
cure or meniscus lesion 

A precise diagnosis should now be made of which these are two 
examples (1) Isolated minor partial rupture of intemil literal liga 
ment (sprain) (2) Complete niptutc of internal lateral ligament 
partial rupture of anterior and posterior cruciate ligaments compli- 
cated by torn displaced internal meniscus 

Any one of the injured structures may show a complete tear whi e 
others are only partial e g , it is possible to tear the internal caniiage 
with minimal ligamentous injur> 
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But exercises must be continued untd full normality is reached in 
three to six months or more To lca\e off too soon results in a joint 
incompletely protected by muscle control and coordination which 
consequently sustains repeated minor traumas m ordinary use and later 
develops osteoarthritis 
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THE DIAGNOSIS OF NEOPLASMS OF BONE 

Braolpy L Colev, M D , FACS* 

Prior to the last half ccnnir)' clinicum ucre compelled to make a 
diagnosis of n lesion of the skeletal s>stcm entirely on basis of the 
patient’s history and the phj sical eximination They did not have the 
assistance of the roentgenologist nor of the pathologist’s accurate in 
terprctation of tissue sections Since that time, however, due to devel 
opments in the fields of pathologj, roentgenology and chemistrj, the 
identification of these tumors has been rendered more possible This 
does not mean that a correct diagnosis is made in every case On the 
contrary one is impressed with the number of patients who have been 
incorrectly treated on an erroneous diagnosis or have received no 
therapy at all because the diagnosis has not been reached 
The approach to the problem of establishing a diagnosis in a lesion 
of the skeletal system implies the following steps 

1 Histoi) 

2 Ph) steal esaminatjon 

3 Roentgenographic exanimstion 

4 Blood chemical studies 

5 Histologic examiniticn 

HISTORY AND PHYSICAL EXAMINATION 
The importance of a carefully elicited historv and a complete and 
searching phjsicil examination should be emphasized since the tend 
cnev IS to neglect them in favor of other diagnostic measures Both 
are as important todav as thev were when thev comprised the onlv 
known means of diagnosis Thej arc still the foundation upon which 
the various other investigations must rest Neglect of them continues 
to result in serious errors of interpretation of roentgen raj and libo 
ratorj findings, or postponement of these tests which is fullj as grave 
m its consequences 

Probably the one single factor that would tend to an earlier recog 
nition of bone sarcoma is the general knowledge on the part of the 
practitioner that pain is the earliest and most constant sjmptom, and 
that a patient complaining of pain in an extremity deserves a pre- 
sumptive diagnosis of sarcoma with an immediate diagnostic sunej 
(Table 1) to confirm or exclude it Such suspicious attitude would 
prevent the lapse of weeks or months, during which period manj 
patients receive therapv’ consisting of massage, heat, liniments, diath- 

• Attending Surgeon, Memorwl Hospital and Hospital for Special Surgery , New 
York Citj. 
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TABLE 1 —OUTLINE OF A COMPLETE DIAGNOSTIC SURT CY TO HE UNDFUTAKI N 
TMIEN THE INITIAL EXAMINER SUSPECTS THE PRESENCE 
OF A BOND NEOPLASM 

1 Dicit a complecc History co\cnng die foWowing 

i pain (character— nocturnal *) 
s\\ cllmg 
disabihi) 

B Onset of s>mptoms (sudden— insuhous— progressive— intermittent) 

C Previous illnesses 
D Accidents or Injuries 
E Family Historj 

2 Make a thorough Vbystcal Exutnmalion 
A General 

(1) Primarj tumor elsewhere (brcasr-th)roid-l{idncy-prostatc etc) 

(2) Evidence of deformed skull or long bones, neurofibromatosis, pig* 
mentation, ]}mphadcnoparh>, splenomegaly, anemia 

li Local 

(1) Inspection (swelling dcformitj, color of skin presence of tumor 
and Its location m respect to the part of bone involved) 

(2) Palpation (presence of tumor, its mobilit), consistence [liard-soft- 
elastic-fluctuant-pulsatingl outline Idiscrctc or mdcfimtcl 

(3) Mensuration (circumference of the limb at measured levels, and of 
the normal limb for comparison) 

3 Roentgenographic Exatmn.ition 

A Local (views of the afTccted area m anteroposterior and lateral projections 
on films large enough to cover wide area proximil and distal to area 
complained of or to site of an> obvious tumor) 

B General (1) Chest-anteropostenor and lateral-for evidence of pulmo 
nary metastasis 

(2) Other bones, cspcciall) skull, pciv is. spine, humeri and femora 
Note Spot films of the involved hone taken m several projections and with vary- 
ing degrees of intcnsit) of exposure arc valuable 
4 Laboratory Studies 

A Routine blood count 

B Urinal) sis (including test for Bence Jones bodies) 

G Serology 
D Blood chcniistrv 

(1) Scrum calcium, phosphorous alkaline phosphatase (including acid 
phosphatase if cancer of prostate is suspected) 

^2) Serum protein (if plasma cell myeloma « a possibility) 

L. Biops) 

(1) Aspiration biopsy 

(2) Open biops) if aspiration method is unsuccessful or if it is not con- 
sidered advisable for reasons of location of tumor or unwilling 
ness on the part of the patholtignt to render an opinion on as- 
pirated matcrtal, or failure of aspiration to provide a diagniyr 

ermv and c'^cn exercise on the assumption that the condition is “rlicii- 
matjc or ncuntic” or a stnm of muscle or ligament It Ins ficcn 
repeatedh emphasracd that pain m a limb that persists stithotit ofrt'j- 
often doc to i bone tumor 

rh usuallj appears later thin pain I’oth arc progressive, af- 

ough there is coasidcrablc sanation m the nre of increase of the 
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swelling depending upon the jndtviduij! tumor’s cellularity and jts 
capacity for growth Disability is also variable although it is present 
in most cases in some degree even early m the course of the disease 
Benign tumors, on the contrary, seldom cause severe pam When they 
do, It is because of pronounced pressure on important overlying struc- 
tures Such tumors rarely cause pam while the part is at rest m con 
trast to malignant tumors which often hecp the patient awake at 
night Swelling in a benign tumor is either stationary or increased bv 
insensible gradations, often it is reported bj the patient to have existed 
unchanged for years A histor) of recent rapid increase m size or 
complaint of recent pain should suggest malignant transformation 
Anv m;ury sustained prior to the onset of symptoms should be re- 
corded in detail by the initial observer, for whether it is held to be 
responsible for the subsequently developing tumor or considered to 
be of no etiolog/cal significance is still a matter of controversy VV^bile 
the patient often ascribes it as a cause of the disease, competent 
authorities are skeptical of its influence Evvmg, Stewart and others 
have expressed the conviction that a single trauma cannot be credited 
with initiating a malignant process It seems probable that m the vast 
majority of cases the in/ury focused the patient s attention on a region 
already the site of a neoplastic process However, I believe that we 
are not wholly justified in denying categorically the possibility that a 
localized bone trauma can initiate reparative processes which, under 
ccrrain conditions, may lead to unrestramed growth and eventually 
to the development of a bone sarcoma, cspcciall) m view of the fact 
that approximate!) 50 per cent of the histones of cases of osteogenic 
sarcoma record a definite injury at the site of the subsequent tumor 
I hold even stronger convictions that injury is an important ctiolog 
ical factor in the development of gunc cell rumor of bone-a view 
also held bj Wilham B Coley, Codman and others 
It becomes at once apparent that first, such cases may be the sub 
jeer of future htigacion, and second, that a fairer disposition of them 
can be made if the initial evammers history has been elicited fully 
and accurately, presumably at a ome when the patient’s replies to 
questions are not so apt to be colored by self-mterest The records 
should include answers to the following questions 

j 'When did the Wjucy Of accident occur^ 

2 Where was the etact »re pf the miory’ 

3 \\ as the injury followed by sweUmg tenderness or eccnjinosis 

4 How Jong a period elapsed bcwveeti the disappearance of symptoms 

to the injuiy and the appearance of symptoms referable to the turn 

The characteristics noted on physical examination that ^ 
benign tumor of bone are absence of soft-tissue involvement, discre 
sharply-defined outline, absence of skm changes, lack of 
vascularity as shown by dilated superficial veins and increased surta 
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TABLE 2 —DIAGRAM SHO\\ING METHOD OF DIFFERENTIAL DIAGNOSIS 
BY EXCLUSION IN A C\SE OF BONE DISEASE 


Benign 


Tumor 

Chondroblastoma (Jaffe) 

Chondroma 
M> \oma 

Central Fibroma (nonosteogenic— Jaffe) 

Bone cjst 

Giant cell tumor, benign 
Xanthoma 

^ , , f Anpioma of bone 

Central and cortical | Osteoid osteoma 

i Exostosts 

Osteochondroma 

Multiple-chondrodysplasia (Olliers disease) 


Primarj 


Osteogenic sarcoma 
j Endothelioma (Ewings sarcoma) 
Reticulum cell sarcoma 
( Liposarcoma 


Malignant 


Plasma cell myeloma 
Polj ostotic Ms eloc) toma 

[ Et} thfoblastoma 


1 Breast 
Kidney 
Thyroid 
Prostate 
Lung etc 


Not a Tumor 

( Pyogenic (Brodies disease) 

I 

iubercular 

Chronic sclerosing osteitis 

Posttraumatic— Myosins ossificans 
Parasitic— H> datid disease of bone 


Metabolic— Lipoid granulomas 


Eosinophilic granuloma 
Hand Schuller Christian s disease 
Gaucher s disease 
Niemann Pick s disease 
LetiererSiwes disease 


Circulatory— Calcinosis 

Endocrine— Hyperparathyroidism (Von Redvlinghauscn’s disease) 


I Paget s disease (Osteitis deformans) 
Fibrous dysplasia 
Melorrheostosis 
Osteopetrosis 
Osteopoikilosis 
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temperature The location of the swdbng is of some significance, for 
giant cell tumors hate a ncarlj constant onset at the ends of Jong 
bones, osteogenic sarcoma shows a marked predifcccion for the meta 
phjseal region, and endothelioma, which may also commence in this 
region, tends to progress along the dwphysis and to involve one fourth 
to one half of the entire length of the bone Tenderness, although 
usiiallv onij m mild degree, is a finding in malignant tumors which 
IS seldom present m benign neoplasms 
Table 2 shows in diagrammatic form the method of approach 
adopted at the Wcmonal Hospital in establishing the diagnosis WTiile 
man) of the conditions listed are admittedly unusual or even rate, we 
feel that thc> should be borne in mind 

ROENTGENOGRAtHlC EXAMINATION 

The roentgcnograpliic evamimtion mIuIc of great value and capable 
of comparativeK accurate interpretation bv experienced rocntgcnol 
ogists, IS still attended b\ certain difficulties There are mam condi 
cions m which it is almost impossible. to render an accurate opinion 
b) this means alone as shown m Table 3 


TABir 3~1M1 DIFFERINTIM DlXCNOSIS OF BONE TUMORS, WITH 
I ^RlJCtLAK KEFrRFNCE TO IIIC ROFMCCNOGRAM AS AN AID 

Actual niagnovia To be diJTcreimatcd from 

Oiccdgenic Sarcoma EpJotl ehovu when wide extent of shaft especial!} nuJ 

portxn IS imohed 

GiJ’it Celt Tiwior when porel> osteoljtic and when 
area of destruction js conUned to epiph>seal area whwh 
IS the site of {runt cell rumors 
Lipasarcowa although «t js extreme!) mfreMcnt A iwat 
genographic distinction ma) be very difficult 
h/fimrwjtory Bone I esionj sclerosing and Icnv gtao* 
subacute ostcom) elita 

Ofjtfymg Neiitatonii (mjosins ossificans) unless stereo 
scopic views arc taLen showing process to be uncon- 
ncCTcd « itb shaft of bone and the cortical line k intact 
UetasWic Caremoma \V hen lesion is apparently solitary 
« roav resemble osttolrtic sarcoma 
a onJroMasimm (Jaffc) Calcifying ChonJrom^m 
Gum Cell Tmmr (Codman ) This is a difficult distinc 
tion to make and must depend ultimately upon biopsy 
Reticulum Cell Sarcoiiu M here an osteogenic sarcoma 
of osieohtic tvpe It tnay require histological conhr^ 
tion to esublsh the correct diagnosis This is 
hrl> tnie trf lesions involving the metaphysw' * 
Those occurring in the midshafe are more like y 
prove reticulum cel) sarcoma 
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Endothelioma 


Giant Cell Tumor 


Chondrosarcoma 


Plasma Cell Myeloma 


Subacute Osteovi^elitts This is a most difficult difTercn 
tial diagnosis to make When uncertaintj exists, histo 
logic proof should be obtained before an> roentgen 
thcrap) IS gi\en, otlicHMse a ‘ false negatne biopsy is 
often obtained and onl) at a later date is the mahg 
nant nature recognized 

Osteogentc Sircoina (see under Osteogenic Sarcoma) 

Reticuhmt Cell Sarcoma This diagnosis may be very diffi 
cult if the patient is below 30 > ears of age Reticulum 
cell sarcoma can occur at an) age, while endothelioma 
is confined to childhood and early adult life 

Bone Cyst The site, age of patient and clinical course 
differ 

Alalignant from Benign Giant Cell Tumor Generally the 
malignant form is n transition from a previously be 
nign giant cell tumor This means that during or after 
treatment, a recurrence of activity is suggestive that 
the lesion is undergoing malignant transformation Cases 
that arc malignant from the outset are rare and the 
rocnigcnographic features are often more t>pical of a 
malignant central sarcoma than of a benign giant cell 
tumor 

Calcifying Cbondromatous Gtant Cell Tumor (Codman), 
Chondroblastoma (Jaffe) These turnon more closely 
resemble an osteogenic sarcoma but ma) occasional!) 
suggest a giant ccU tumor They are benign A biopsy 
IS needed to establish the diagnosis 

Osteogenic Sarcoma (see under Osteogenic Sarcoma) 

Chondromi This ma) require expert microscopical diag 
nosis Small bits of tissue arc not sufficient material 
upon which to base an opinion 

Gnnt Cell Tumor Central chondromyxosarcoma may 
closel) simulate giant cell rumor This accounts for 
some discouraging sequelae of radiation therapy of 
supposed giant cell tumor without histologic diagnosis 

Osteogenic Sarcoma May be very difficult to distinguish 
from chondroblastic sarcoma m children or young 
adults Distinction here is not important The treat 
ment IS the same and the outlook equally grave 

Cbordomi Rarcl) seen may resemble sacral chondro 
sarcoma Microscopical appearance of chordoma is dis 
tmctive 

Metastatic Carcinoma In the absence of evidence of a 
pnmar) carcinoma this distinction is often impossible 
Without histologic confirmation Aspiration biopsy of 
one of the lesions or sternal marrow punemre may dis 
close plasma cells and lead to the correct diagnosis 
See also Figures 208-213 





LABORATORY STUDIES 

The histologic examination is generally conceded to be the final 
step m establishing the diagnosis not only m all forms of bone neo 
plasms lint m other bone conditions which maj resemble them Un 
questionably this is the most rehable single measure at our disposal 
It should be understood, howescr, that even pathologists of wide ex 
penence encounter mnumemblc situations m which an exact micro- 



scopical diagnosis js extreme)^ difficult The followjng are cited as 
examples 


\ wconst ■wrww cn-lM.t.tt.vcsTOi 

2 UndifFcrcnnared small cell ostcogoitc sarcoma lertm endothrloma 

3 Osteogenic sarcoma verms early ossif>ing hematoma mjositis otsdiwi's 

4 Benign giant cell tumor lerstis malignant giant cell tumor 

In these difficult decisions it has been noted that the more expen 
enced the pathologist the more x\illing he is to concede an elcrnent 
of doubt and to refuse to make an unqualified dngnosis Here, then 
the clinical and roentgenographic findings must be carefull> weighe 
with the Iaborator> esidence To illustrate, the stereoscopic roti’t 
genogram is of great importance in differentiating an early o5sify>"S 
hemaroma from an osteogenic sarcoma On three occasions v.c hat 
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seen this prove more accurate than the microscopical interpretation 
of maternl removed h} open biopsy In each of these cases highly 
qualified pathologists regarded the condition as one of osteogenic sar- 
coma and m each instance the \ ra) diagnosis of ossifying hematoma 
was ultimatel} sustained In another case, a surgeon performed a thigh 
amputation only to find on liter cximination of the limb that the 
biopsy report of osteogenic sarcoma was incorrect 
Two features of ossifjing hcmitonii ought to be emphasized in this 
connection (1) the patient does not have the unremitting pain chir 



213-Hu{,c osteoma of dense almost marble like composition Histologically 
benign \ n> appearance closely resembles sclerosing osteogenic sarcoma 


actcnstic of sarcoma and (2) the tumor fails to increase progressive!) 
in Size iMoreover it al\\a)s follows directl) upon a severe trauma and 
fails to cause an) break m the cortical line when viewed b) stereo 
scopic roentgenograms 

Of importance, too is the decision as to w hether or not a benign 
giant cell tumor has undergone malignant alteration This change ma) 
lake place insidiouslv and successive specimens obtained at several 
operations may reveal a gradual transition from benign to malignant 
t rests with the pathologist to decide at what point a hitherto benign 
esion has changed to a potentiall) dangerous growth with the abiht) 
0 metastasize and end fatall) Experience has taught us that the re 
Si3nt cell tumor must be regarded as a disease with a definite 
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tion therapy has contributed the greater proportion of these cases 
Accordingly in these cases our suspicions are at once aroused and wt 
do not countenance too long deferment of histologic study or too 
great delay for the purpose of further roentgen therapy 

NON NEOPLASTIC CONDITIONS THAT NE^O TO BE CONSIDERED IN THE 
DIFFERENTIAL DIAGNOSIS 

There are many conditions which are not true neoplasms and which 
at times give rise to difficulties in the field of bone tumor diagnosis 
Some of these bear only a siiperficial resemblance while others arc 
often difficult to differentiate In order to call attention to them they 
are listed in Table 4 with the corresponding tumor which they may 
at times resemble 


TABLE 4— ^0^ NEOPLASTIC CONDITIONS Op BONE THAT MAY HAVE TO BE 
CONSIDERED IN THE DIAONOSIS OF TUAIORS OF BONE 


Non neoplastic conditions 

1 Infections 

Pyowncc 

Typhoid 

Syphilis 

Tuberculosis 

Clifonic sclerosing osteitis 

2 Parasitic Diseases 

J Fibrocystic Diseases 

Solitary bone c)se (ufiicameral) 
Hyperparathyroidism 
Fibrous dysplasia 

4 Diseases of Uncertain Etiology 

Osteitis deformans 

Leontiasis ossium 
Osteoid osteoma 

5 Lipoid Storage Diseases 

Hand-Schuller Christian $ disease 
Eosinophilic granuloma 

6 Circulatory Disturbances of Bone 

Aseptic necrosis of bone 
Calcinosis (tumoral form) 


Maj resemble 

Endothelioma 
M> eloma 

Almost any form of bone tumor 
M>elema of spine synovioma with bone 
involvement 

Sclerosing osteogenic sarcoma 
Echinococcus disease of bone 


Giant cell tumor central chondroma 
Skeletal rnetastases from carcinoma 
Central chondroma nonosteogenicfibroma 

Alonostotic form (osteogenic sarcoifw 
polyostotic form (metastatic prostatic 
carcinoma) 

Low grade sarcoma 
Sclerosing osteogenic sarcoma 

TletastJtic carcinoma 

Primary osteolytic osteogenic sarcoma 


Chondroblastoma 
Sclerosing osteogenic sarcoma 


7 Disturbances Due to Injury 

Ossifymg hematoma (nijositis os 
sificans) Ostet^cnic sarcoma 

Fatigue fracture (early reparative 
stage) Osteogenic sarcoma 

PericKteal imuries (early stage) Osrct^enic sarcoma (earl^ ) 
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SUMMARY 

In attempting to reach an earlj correct diagnosis of an\ lesion of 
bone suspected of being neoplastic, the histor> and clinical examina- 
tion should precede other measures The \alue of the roentgeno- 
graphic, chemical and histologic studies are unquestioned but the 
necessit} of reiving on the correlated information gained from all 
these sources, rather than from anj one of them, is emphasized 



INDICATIONS FOR THE SYME AMPUTATION 
Lt Colonel Rufus H Allpredge* 

Medical Corps Army of the United States 

The S>me amputation like most others is not new It was first de 
senbed b) James Syme of Edinburgh in 1843 ^ Since that time many 
reports have appeared m the literature on this subject most of them 
before 1900 

There seems to base always been a keen interest m the Syme am 
putation among surgeons every'where but there has been until the 
advent of the late war a considerable difference of opinion as to the 
merits of this amputation among even those with a great experience 
in amputation surgery Extreme views concerning the Sjme amputa 
tion have ranged from the best of all major amputations to 

do not under any circumstances advocate amputation at this 
level ’ 

In order to approach and understand the problems and differences 
of opinion regarding the status of the Syme amputation in the past 
It IS best to divide them into two groups for consideration (I) 'var 
cases or those m which there has been infection and sepsis and (2) 
civilian or clean cases 

Unquestionably the chief cause of poor results m the past particu 
larly after the first World War was surgery done m the presence of 
or too soon after infection and sepsis Many of the stumps broke 
down became infected or were otherwise unsatisfnctory because of 
improper selection of cases and riming of the opention Even the 
severest critics of the Syme amputation have admitted that these fac 
tors have in the mam been responsible for the failures and unsatisfac 
tory results in the past Experience in the war recently ended has con 
clusively shown that these causes of failure can be eliminated and that 
good results can be obtained even on the war injured 

In the clean or civilian cases on the other hand satisfactory stumps 
capable of good function for manv years or as long as the patients Ine 
have generally been obtained This helps to explain why there has 
been such a difference of opinion about the merits of the Svme am 
putation among the leading surgeons of the same country m the same 
gencmtion W^heeler in Litghnd for instance sais that he has fo 
lowed patients operated upon by his seniors up to fifty years pre'| 
ously and in advanced years the stumps were still good The pane'’ 
had led long and useful liv es being little handicapped by the amput^ 

• Ch ef Amputar on Center T1 omas M England General Hosp tal Atlan 
lie City Nc V Jersey 



^'Jg 214-Types of war amputauons on which the Syme is most frequently per 
formed 


fion Many other cases have been reported m which the stumps held 
lip well for forty or more years and throughout life This is the more 
remarkable since the operations were done before modern asepsis 
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came into being Wheeler is emphatic in stating that, ‘ In many cases 
which failed in the last ^var the operation was either contraindicated 
or performed under ad\ erse conditions *’ ‘ Furthermore,” he states ‘ a 
proportion would have been a success if a good prosthesis had been 
provided’ Philip D Wilson in 1921* called attention to the great 
advantages of the Syme amputation and described the operative technic 
and after-care Canadian surgeons have rcpeatedlj advocated this am 
putation and have followed their cases, done m World War I, up to 
the present time They still advocate it strongly 

ADVANTAGES 

The S> me amputation as compared to the belovv-the knee amputa 
tion is more conserv ative, leaving the patient more of his anatomy for 
which he is truly appreciative It is the best major amputation m the 
lower extremity in that there is full length of the leg to the ankle 



Fig 21J— A typical Syiue stump 


for leverage, and it is capable of full end bearing with or without a 
prosthesis Patients— even double Syme amputees— can walk on the 
bare stump ends inside the house, about the bedroom and bathroom, 
which IS a tremendous advantage In the case of double lower hmb 
amputations, double Sj me amputees are hardly incapacitated as com 
pared with the double belovv-the knee amputees Thej not only vulk 
better bur, as a result of the longer stumps better leverage and full 
end-beanng with no apparatus above either knee, they can stand and 
walk about normally Even one S>me together with a below or 
above-knee amputation of the other leg is a great adv antage, particu 
larly since the patient depends on the S>me stump for standing an 
has one leg free of apparatus above the knee We have had two dou e 
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Syme amputees and six who had a Syme amputation on one side and 
an above the knee or a below -ihe-knce amputation on the other 
After carefully studying these patients, one is convinced that the 
Syme amputation has its greatest advantages m these cases Single 
Syme amputees are not handicapped or incapacitated, they are merely 
inconvenienced They can do most of the things they want to do or 
that anyone can do 

One of the greatest advantages of the Syme amputation is the ease 
with which It can be fitted with a limb as compared with the below - 
knee amputation The prosthesis m the former is boothke, with no 


L 


l*g 



21fi— /J X ra> appejrjnce of ilic S>iiic stump B, Method of wrapping tiic 
Syme stump with elastic bandages for shaping and shrinking tlie stump 


apparatus extending above the knee as in the latter In our experience, 
Syme the fitting of the prosthesis is easy as compared with 
the below knee amputation Once fitted the patient does not have the 
difficulties or need the changes and adjustments that the average 
below knee amputee must have Syme amputees do not object m the 
east to the bulbous appearance of the prosthesis at the ankle when 
t ey find out for themselves by living with below the knee amputees 
more fortunate they are functionally 
c Syme amputation has defimte advantages over many partial 
oot amputations It is simpler to fit with a prosthesis, and the patients 
and run better and do not tire as easily However, we have been 
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very conservative about substituting the Syme for the partial foot 
amputation if the patient has enough of the foot left to walk with 
a good gait wants to keep it the tendons are intact there is no 
deformity the stump is painless covered with good skin and there 
IS good circulation A partial foot amputee under these circumstances 
can be supplied with a filler m the shoe and a steel shank and get 
along very well without the stigma that goes with a major amputa 
non which requires the use of an amficial limb The Svme amputa 
non IS preferable in ev erj respect to any partial foot amputation w hich 
cannot bj surgerj or prosthetic appliance be made to meet the re 
quirements of reasonabl> good lower limb function Unfortunately 
no iron clad rules can be laid down for the length of a partial foot 
stump which can be said to be functional It vanes depending on 
many individual factors The judgment of the surgeon has to be 
applied therefore to the individual case in question 

The S> me amputation is preferable to the Pirogoff because the re 
sulrs arc more certain The result in the Pirogoff is dependent upon 
the osteoplastic procedure of approximating part of the os calcis to 
the end of the tibia If bony union fails to develop the result is 
jeopardized A more serious objection to the Pirogoff amputation is 
that the stump is too long for fitting vviih an ankle joint without 
difficulty 

OISAOVAMTASES 

There arc no functional or anatomical disadv antages as amputations 
go to a good S> me snimp singly or combined w ith amputation at 
any level of the opposite hmb The chief objection to the Syme stump 
is purely aesthetic For this reason the Syme operation should rarely 
if ever be done on a woman Fortunately injuries requiring amputa 
S tions in women ate comparatively rare and because women are less 
\ igorous the Sv me procedure is not as necessary in them as m men 
Another disadvantage of the Svme amputation lies in the additional 
s) ill and judgment required on the part of the surgeon for good re 
suits To be justified the end result of the Syme must be good-t^^ 
IS capable of full end bearing and free from tenderness and pain To 
get tlvis requires, better ywdgtwervt wv the selecttow of cases for 

opcrition and more meticulous attention to the details of the opera 
tivc technic and after care than probably nny other amputation How 
ever the necessary requirements can be met by any good surgeon 
without too much difficulty The su^con must be convinced that the 
Svme IS the best amputation and he must be able and willing to carry 
out the proper operative teebme and to personally carry out the post 
operative care of the stump until the patient is finally fitted sarisfac 
torily with a prosthesis 
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Since the S>me amputation is not only the most consenative ana 
tomicallj, but the best of all major lower limb amputations function 
ally It IS cTearI> preferable to all others at any higher level and to 
many partial foot amputations It has had its greatest field of useful 
ness in young men following war injuries where so much of the foot 
has been lost that the remaining foot stump is too short for good 
function Since most war amputations are left open or should be 
most of the foot stumps suitable for com crsion into the S\ me are 
contaminated badly or infected at some stage betw cen the open am 



Fig 217 —Three different types of temporary pylons which may be applied as 
early as three weeks postoperatnely These arc particularly useful in shrinking 
and toughening the stun p before the mold for the permanent prosthes s is made 
k n t ghi plaster is preferable and is used for about four tv ceks 

the final Syme procedure Cases of this type must be 
b ^'^^remely carefully or the results of the Syme amputation 
'b u the surgeon and the patient The open stumps 

s ould be clinically and bacteriologically clean before the Syme opera 
tion IS performed Swelling or edema should also be at a minimum It 
IS not always necessary but it is usually d^irable for the wound to be 
completely healed If spontaneous heabng of the foot stump is too 
s ow, It may be hastened by a preliminary split skin graft if it is not 
c ean Cleanliness of the foot stump preoperatively is one of the most 
important of all considerations Complete bed rest with eleiation of 
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the foot has never had a satisfactory suhstuute m the preoperative 
stage Pemcium is used routinely preoperacively and postoperatn ely 
m all cases m which there has been sepsis, regardless of hem clean 



Fig 218,— End resuic of a double 5ynie amputation Both amputations vfCK 
performed at the same sitting and the patient is able to stand and walk on the 
completely bare stump ends 


they Seem to be at the rime of operation This prevents a ssaum" 
period from the time of wound healing until final surgery is done 
and assures agamst activation of lafenr infection 
Some war wounded have had hgation of the femoTs), popliteal or 



JNDICATIOVS FOR THE SYME AMPUTATION 


429 


tibial \essels m addition to the injurv which resulted m loss of the 
forefoot In these cases, even in Ac complete absence of pulsations 
at the ankle, the S>iTie amputation can be done and the bleeding is 
as profuse at opertaion and the wound healing as good as in non- 
hgation cases, if lumbar s> mpathectomj is done prcoperatn eU We 
have had two such cases, one of which had ligation of the femoral 
vessels in the middle third of the thigh, and the other had ligation of 
the popliteal vessels 

The war wounded maj also have m addition to the forefoot am- 
putation, severe compound fractures of the upper third of the tibia 
and fibula with resulting ostcom>ehtis and sequestration Still others 
have extensive loss of skin and soft tissue around the upper third of 
the leg below the knee with scar or skin graft In cither case, when 
the foot of the same leg has been amputated so short that it is useless 
for weight bearing, the surgeon has to make the choice between a 
Syme or an above the knee amputation In these cases it is far more 
conservative to treat the soft tissue and bone injurj as though the 
foot had not been lost and later do a S>me amputaaon, than it would 
be to amputate above the knee We have had a patient with a S>me 
amputation representing each of the above combined c> pes of injuries 
They are both happj with good functioning S>me stumps as a final 
result In this t>pe of case, below the knee amputation is out of the 
question because of the scarred condition of the stump or the pres- 
ence of skin grafts which will not stand the trauma of wearing the 
prosthesis 


The Syme amputation can be successful!) performed after many 
partial foot amputations m which there are also severe fractures of 
the os calcjs, astragalus and lower ends of the tibia and fibula In the 
case of the last, the fractures should be allowed to solidify before 
the operation js done The above additional conditions arc not rare 
in war injuries, as we have had four such cases m the past >ear, in 
tfie Syme amputation has been successfully performed 
The question naturally anses as to how much of the heel is needed 
to permit use of the Syme techmc All possible length should be saved 
at the time of the original open amputation of the foot, but it is 
^ssible to get a good Syme with as little as I inch of the heel left 
After these short partial foot amputations, particularly where only 
t e heel or part of the heel is left, the balance of the foot tends 
strongly to become fixed m equmus No attempt should be made to 
^bis, on the contrar>, it should be allowed to take place as 
It IS a distinct advantage in man) cases since the redundant sLn pos- 
eriorly over the ankle becomes shortened and shrunk before the 
>me amputation is done and thus does nor have to be accomplished 
tenvard The skin of the heel should be good, free from too exten- 
siv e scars, and hav e good circulation and sensation 


Tig l\9-UppcT, These patients illustrate the great advantage of humg o 
Syme where possible m combination widi an amputation of the opposte e 
trcmitj Loner, Illustratts the advantage of the prosthesis for the Sjtne ampura 
non over that for the below the Vnec amputation 
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It must be remembered that, to be justified, a Sjme stump must be 
good, le, pamlcss, ha\e good circulation, sensation, and abo\e all, it 
should be capable of full end weight bearing If for anv reason the 
S}Tne stump falls short of these requirements, it is a failure and the 
patient would be better off with a below -the-knee stump For these 
reasons it is best not to do so called “trick} S\ mes,’ using skin for 
the stump end from areas other than the w cight-bcaring surface of 
the foot The best rule to follow is to do a below the knee amputa 
non if there is an) doubt as to whether the S\me amputation is 
clearly indicated 

This amputation has been done for a number of nontraumatic con- 
ditions Man} cases ha\e been reported m the older literature in which 
It was performed for tuberculosis of the ankle joint and the tarsus— 
sometimes apparentl} with success It has also been performed for 
malignant and benign bone tumors and for mcorrcctible club foot 
More consename or different orthopedic procedures are usualU car 
ricd out now for these conditions 

CONTRAINDICATIONS 

The S}me amputation should ne\cr be performed as a primary 
procedure following war injuries We ha\c seen two so-called S}mes 
done under such circumstances which resulted m poor stumps The 
operation is ne\er justified in the presence of nearby unclean wounds 
Peripheral vascular diseases, such as thromboangiitis obliterans and ar 
tenosclerosis with or without diabetes, are clear cut contraindications 
for this amputation Total loss of sensation due to irreparable penph 
cral nerve lesions represents another condinon m which the S}me 
amputation should not be done 

Gangrene of the forefoot due to frostbite, trench foot, freezing, 
or combinations of these, does not constitute a clear-cut contraindica 
tion These conditions frequentiv result m loss of the skin over the 
heel making the S} me amputation impossible Persistent tenderness m 
the adjoimng viable tissues associated with gangrene from these causes 
IS a contraindication to this amputation onl} w hen the tenderness ex- 
tends into the soft tissue which will be retained as part of the S}me 
stump Here again w e hav e been able to perform the S} me amputa 
tion successful!} m a number of carefullv selected cases of this t} pe 
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THE DIAGNOSIS OF PERIPHERAL NERVE LESIONS 

CoMMANDEn Thomas I Hoen 
Medical Corps Umted States Naval Reserve 

It has been estimated by \arious observers that some injury to the 
peripheral nenous s>stem occurs in 10 to 20 per cent of all battle 
casualties It is not surpnsing that a freshening of interest in the study 
of peripheral nerve injuries should occur Avith every major conflict 
During the first World War, a great deal of work was done and for 
the first time a hopeful attitude toward the repair of peripheral nenes 
was developed Howeter, in spue of the large number of reports from 
this country, England, Frince and Germany on the results of periph- 
eral ner\e siirgerj, ic is difficult to csaluate these results Reference 
to the reports of NafTsiger, Stopford, Datis, Delagcnierc, Foerster and 
others brings to light the great disparity that existed m the reported 
results of nerve repair, and it is obvious that this apparent difference 
IS due largely to the lack of standard criteria for determining the 
degree of recot cry' One is left w ith the choice of accepting or not 
accepting the opinion of the surgeon that hts patient was cured or 
improved, and while considerable emphasis was placed on preopera 
ti\e clinical examination, there is little evidence except in a few in 
stances that precise records were kept following nerve repair More 
over, recovery of movement was often accepted as indicating rem 
nenation of formerly paralyzed muscles without recognizing the 
importance of substitution 

The phenomenon of substitution is an important one The degree 
to which It can be developed depends on the availability of muscles 
having a similar function to those that are paraly zed and the facility 
with which the patient reeducates himself The hand is a frequent 
site of effective substitution In case of a low median nerve paralysis 
the ability to oppose the little finger and thumb is usually reacquired 
through education of the ulnar supplied muscles of the thenar emi 
nence In the case of a wrist drop due to radial nerve paralysis, the 
patient may learn to maintain his w nst in extension by forcibly flex 
ing the fourth and fifth fingers thereby leaving the thumb index and 
third fingers free to carry out purposiv c mov ement Another excel 
lent example of substitution occurs m paralysis of the circumflex nerve 
to the deltoid muscle Normal abduction of the arm is lost, but the 
patient soon learns that he may initiate the movement wit h the supra^ 

The opinions or assertions contained herein are the private ones of the 
and arc not to be construed as official or rcfleaing the views of the Naval ue 
panment or the Naval Service at laige 
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spinatus muscle Then, bN fiMtion of the humero scapular joint with 
other shoulder muscles, the entire shoulder girdle may be elc\ated and 
inwardly rotated by the trapezius which will effectively abduct the 
arm to the horizontal position These phj siological tricks may mis- 
lead the ine\perienced obsen er into thinking that some return of 
function has taken place in the pinl>zcd muscles 
Sensor) examination is less apt to be confusing, howe\er, the exam- 
iner IS dependent upon the subjectne responses of the patient and it 
is sometimes difficult to distinguish between an organic loss of sensa- 
tion and an hysterical one In lesions of nerves to the hands and feet 




m Increased Skin Resistance 
^ Anesthesia 


tma H) percsthesia 

Fig 2’0-Case with partial median and complete ulnar paralysis with sensation 
rctatmng to median dtstcibotion before vasomotor rccov cry 


there is usually considerable vasomotor disturbance manifested by loss 
the involved areas with trophic changes and wasting 
of the fat pads of the finger tips 

In the interim between the two great wars, much progress was 
niade in the development and perfection of electrodiagnostic equip 
nienc and, at the present time, it js possible to determine with great 
accuracy whether any given muscle bundle is denervated partially or 
completely By repetitive tests it is also frequently possible to prog- 
nosticate reinnervation or further deterioration Interference to or loss 
0 t e V asomotor nerv e supply to any area may be accurately plotted 
y etermination of skin resistance using a simple ohmmeter How- 
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ever, It should be noted that vasomotor distribution does not coincide 
nitli the somatic sensory distnbution and that estimation of vaso 
motor status b> means of special procedures such as the determma 
tion of skm resistance cannot be used as a basis for assuming the sen 
sory status to be the same (Fig 220) 

During the recent s\ar, centers for the study of peripheral nene 
lesions were set up in this and other countries It is the purpose of this 
communication to describe the diagnostic procedures currently used, 
the method of recording data and a standard for esaluating results 

HISTORY 

Each case studj should begin with a record of the injury and an 
attempt to classify the viecfxintwi of us prodticupn This is of con 
sidcrablc importance, as the nature and extent of the lesion is depend 
ent upon the character of the inflicting agents For example penetrat 



Fig 221 -Se\crancc of sciatic ncnc without damage to adjacent lissurt 


ing wounds such as simple stab wounds are most apt to produce dean' 
cut nerve severance without damage to the nerve awaj from the point 
of section (Fig 221), wounds by shell fragments cause ragged lacera 
non of ner\ e trunks frequently carrying the distal end far from us 
normal position with gross dcstnicaon of surrounding tissue wmc 
of necessity leads to dense secondary scarring (Fig 2‘’2), through 
and through wounds b> high velocity missiles may produce extensn 
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damage to nenc trunks without actually coming in contact with 
them This latter t)pe of in)ur> is classified as nene concussion and 
IS caused b\ the short Ined but \iolent contortion waves in the soft 
tissue attendant upon the impact and passage of a small but rapidlv 
moving missile 

There are also injuries to the neurovascular bundles in which the 
anatomic continuitj of the nerve trunk itself is not disturbed but the 
escape of blood from an injured vessel into the fascial plains between 
the nerve trunks incites secondarj fibrosis and the formation of dense 
keloid like encasements of the nerve tninks (Fig 223) Nerves mav 



e secondanij injured in association with fractures of contiguous 
ones, m these cases, the nerve injuiy maj varv from actual severance 
^ Simple involvement of the uninjured nerve bj callus formations 
ess common form of nerv e mjur> occurs w ith stretching of the 
nerve The most frequent site for this tjpe of injurj is the brachial 
P evus where it is caused by violence to the shoulder girdle In e\- 
th^^^ more spinal roots mav be completely av ulsed from 

e cord Permanent damage to a nerv e maj also occur w ith stretch 
•ng and is due to minute ruptures of perineurium and secondar> 
^ bundles This ma> result m the formation of mul- 
P e minute neuromas throughout the nerv c trunk In milder degrees 
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of stTctcIi With axonal damage only complete regeneraton usually 
occurs 

Intenal or lapse of time betfiieen »/jKry and repair k of considei 
able importance because of a senes of events that takes place follow 
mg interruption of neuronal continuity Denervation of a muscle leads 
at fine to loss of tone then to atrophy wasting and finally fibrosis of 
the denenated muscle The rapiditv with which these changes occur 
vanes considerably m different muscles The reason for this lanation 
IS not understood but the writer has observed that muscles that have 
to do with antigravity tonus show the most rapid and extreme at 
rophy In addition to the changes in the muscles changes also occur 



r g 223 Kelo d ! ke cncavcnwnt of -nerve pattnlly dissected 

m the distal end of the severed nerve Shrinkage of the Schwannian 
tubes and increase in flic intraneural fibrous tissue may so confine the 
regenerating axoncs that they cannot mature and thus w lU not con 
duct impulses at the norma! threshold If for an> reason such as asso 
ciated fracture or infection the extremity is immobilized for long 
periods during this interval or if there is an associated vascular leson 
along with the nerve palsy fixation of the joints is apt to occur an 
m addition to the above mentioned atrophic changes the affector 
mechanism may be so deformed that no recovery of fi net on is pos 
sible even after nerve regeneration 
The patient is hkely to have received some form of defin te tr 
ment prior to his arrival at a Neurosurgical Center A primary a 




THE DUGVOSIS OF PERIPHERAL ^ERVE LESIONS 


437 


s: 

L ^ 




Sj” 

-il 


tempt to repair the nene ma> ha\e been made at the time of m)ur> 
or he ma) ha\e been secondarilj operated upon at an adtanced base 
hospital In either case, it must be borne in mind that such procedures 
were earned out under difficult circumstances and the operator may 
not hate been one experienced in the repair of nertes Eten when 
apparently adequate records of the surgical treatment arc atadable 
such records are nor nccessanly reliable It fs not infrequently found 
m a case m which a classical nerve repair has been described, that 
actually tendon has been sutured to nene Prolonged infection of the 
wound Site with secondary scarring adversely affects the prognosis 
It not only makes secondary openuon more difficult but also, m such 
cases, there is proliferation of endoneural fibrous tissue necessitating 
Wider resection of the nene stumps This loss of nene substance is 
not of so much importance in the midpomon of a nene trunk (ex- 
ample the ulnar at the elbow joint) as it is at the periphery or near 
the spinal cord In both the latter locations, a loss of nene substance 
results m faulty onentaaon in opposing the cut surfaces and, second 
anly, m distributional confusion 

CLINICAt EXAMINATION 

Upon examination of the patient, careful note must be taken of 
associated factors such as loss of substance of soft nssue bony de 
mmuty, fixation of joints, skm scarring and circulatory disturbance 
The gross state of the motor apparatus should be evaluated 
In isolated nene palsies, there is usually a characteristic postural 
deformity which is the result of the action of unopposed normally 
Acting muscles These postural deformities do not occur as a rule in 
partial paralysis, and it is interesting to note that m recov ery after 
nene repair, the postural deformitv may disappear long before there 
IS \ isible V oluntary mov ement m the affected musculature This leads 
to the supposition that impulses for the maintenance of tonus may 
unction at a lower amplitude than purposeful v oluntarv impulses Bv 
av ing the patient carry out special mov ements, it is usually possible 
to detect loss of function of muscle groups and in some instances of 
specific muscles Ev en though the examiner is v erv famibar w ith the 
nomal anatomy and the common anatomical variations it is well to 
feter frequently to charts which show the levels at which the various 
branches leave the mam trunk (Eig 224) 

ensory examination should be earned out routinely for light touch 
3 n pain There is little evidence that additional value is obtained bv 
xammation for position sense, temperature or other modalities How- 
ver, in examining a paoent following nerve repair where distnbu- 
toiTh important factor, the recovery of pain and 

recn means an indication of satisfactory sensory 

'^ry Here the patient must be tested for his ability to locate 
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the stimufus and to detemmc wo pomt sensibdity by carefuJ com 
panson uitli n correspondmff area in the unaffected extremity 
Tmelsssgii is valuable m detcrmmmg ^\hethc^ or not the nenebas 
been completely severed, and imv be an indication of xeaxonization It 
IS ehcitsd by lightly tapping along tfie course of a nerve trunk If at 
any point tiie patient CKpenences a tingling sensation referred to the 
distribution of the nerve, one tnay assume that unmy dinated regener 
atmg sensory axoncs are present 



(After oodbali and iJaymaWer ) 

ELECTRICAL STUDIES 

No matter how careful or experienced the observer, the abate 
mentioned clinical studies must be augmented by special tests m order 
to establish the status of the neuromuscular mechanism Various types 
of electrodiagnostjc procedures hate been devised Much is 
known regarding the underlying physiological mechanism upon which 
these tests are based This however docs not detract from their salue 
as clinical tests Special studies are also of \alue m studying the sensory 
apparatus, but because of the adequacy of clinical sensory exanwm 
non arc of considerably less importance 
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In general, ir mav be stared that i muscle fiber, ^vhcn deprn ed of 
Its nerve suppl>, may be stimulated directly, that a inusclc fiber's re- 
sponse to stimulation is different m form and degree from that 
elicited by stimulation through its normal nen e suppl) , and that, dur- 
ing a period of reinnervation or denervation, variations in the re- 
sponse may be recognized and used for gauging the extent of the 
process under stud> 

^'^arlous types of currents arc used for the electrical study of nerv c 
muscle mechanisms It maj be said that a current is cither biphasic 
or monophasic Examples of these t> pcs arc 
Farad Current This is obtained from an induction coil and con- 
sists of a senes of rapid short biphasic impulses It will induce con- 
traction in the normal muscle, but does not as a rule produce any 



response in a completely denenated muscle It has little value in 
elcctrodngnosis 

Aitemawig Current of the type supplied b> public utility s> stems 
IS IS a biphasic current of a fixed cycle It is also bmited m its 
app ication to clectrodiagnosis, but is of value where a continuing 
stimulus of know n strength is needed Apparatuses have been designed 
o produce a current of this type permitting variation not only m the 
engch of the current but also m the rapidity of the phase reversal 
^ current is valuable m the experimental stimulation of 

but IS less commonK used in peripheral nerve study than 

the type to be described » u / 

E/rccf Current This is a constant monophasic elec- 
It IS vvhich flows steadily from a positn e to a negative poJe 

capable of producing a contraction in muscle either through its 
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ncnc supply, or jn the case of a denervated muscle, by stimulation 
of the muscle direcilv The amount of current and the duration of 
now necessary to produce a contraction will vary greatly in the nvo 
instances Most of the modem diagnostic tests arc based upon this 
phenomenon 

It is not practical to measure the force or the amount of muscle 
response to a giv en stimulus, instead, one determines the amount of 
current necessary to produce a certain minimal response m the muscle 
TJie term rbeobjsc has been dcsiscd and may be defined as the mini 
mum amount of current of unlimited duration necessary to induce the 
smallest \isiblc contraction of a muscle 



Tip 226— Galvanic tetanus ratio computed by dividing rheobase into rniiiiaw 
perage necessary to produce tetanus (After Pollock ) 

It has been found that by increasing the amount of current, the 
duration of the current necessary to produce this smallest visible con 
traction will vary inversely as the current is increased and it is pos- 
sible for any given muscle to plot a curve, hnoun as the Strength 
Dttration Curxe The ordnates represent the amount of current and 
the abscissae the durntion It is possible to determine from the posi 
tion and form of this curve whether a muscle is partly or completely 
denervated (Fig. 225). , 

It will be seen from a study of these strength duration curves tna 
for any given current a longer duration of flow will be necessarj to 
produce a contraction m the denervated muscle than m the normal 
Jc has been practical to select one point arbitrarily, namely, ® 
of twice the rheobase By using this current and determining the dura 
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non of flow necessary to produce n contraction, a \alue is obtained 
vhich will differ greatly betaveen the normal and denervated muscles 
The duration of flow of a current of naice the rbcobase necessar> to 
produce the smallest a isible contraction m a muscle has been termed 
Chronaxie In the S D (strength duration) graph the chronaxie \ alues 
are seen to be normal 0 9, recovery 10, denervated 31 milliseconds 
In a normally innervated muscle stimulation with a galvanic cur 
rent vvill induce a contraction in the muscle on the make and break 
of the current If the current is increased considerably the muscle 
will remain in tetanic contraction throughout the duration of the 
current The ratio between the amount of current necessarj to pro 
duce the mirnmal visible contraction and that ncccssar> to produce 
a tetanic contraction is known as the Stwmhis Tetanus Ratio It has 
been found that this ratio will vary enormously between the normal 
and denervated muscle It is seen from the accompanying graph that 
the normal stimulus tetanus ratio is appro\imatel> 4 or 5 to 1, and 
that immediately follow ing nen c section that is during the period of 
denervation, the ratio increases sharply then falls so that the ratio for 
a totally denervated muscle approaches umt> During remnen ation 
the value again increases and only returns to normal a considerable 
tune after return of function has occurred (Dg 226) 

In all the above described procedures using gahanic current the cathode or 
negative pole is used as the active electrode, that is the electrode placed on the 
muscle to be tested Also the muscle response referred to is that obtained on 
iniuating the passage of current If the current used )s of sufficient amplitude a 
contraction will also occur on cessation or breal of the current By reversing 
the direction of the current the indifferent electrode becomes the cathode and 
the active the anode The responses ro the passage of current is different in tvvo 
instances This has been expressed m Pflngers law as follows 

Cat} ode closing contraction is greater than Anode closing contraction 
Anode opening contraction is greater than Cathode opening contraction 
At one time much importance was attached to the observ anon that in denervated 
muscles these relationships were re\crsed and the so called reaction of degenera 
tion Was present when ACC greater than CCC and COC greater than AOC This 
concept was formulated at a time when it w as thought that a current flowed 
«om the anode to the cathode c 1 now now that negativ cly charged ions are 
discharged from the cathode and pass through tlie tissues to the anode These 
ions in sufficient concentration arc capable of initiating muscle contraction There 
*s therefore no such thing as an anodal stimulus and the entire concept is sub 
lect to criticism The difference in response on rev ersing the current is due to the 
act that m the normal muscle a concentration of ions it the intact motor end 
produces a stimulus which is transmitted to the entire muscle This is more 
P 0 occur w hen the cathode is used as the active electrode How ev er, this find 
fog is not constant 

Of the various tests described the writer has found chronaxie to 
th ^ ^ 'iluable in clinical appLcation The chronaxie of all of 
supplied by a nerve may be determined m about the 
c ength of time it takes to plot the strength duration curve for 
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a Single muscle To test onl> one imisclc in a nerve supply may lead 
to erroneous conclusions A single determination of stimulus tetanus 
ratio IS not of much taluc and can only be interpreted m relationship 
to pretious and subsequent detenninatjons Also chronixie detenmna 
non IS much the least discomforting to the patient and this is of 
some consideration when one expects to repeat the tests at frequent 
inters als 

In evaluating results of peripheral nerve surgery all the factoR 
enumerated above must be tahen into consideration and it has been 
found convenient to use the form shown below for recording the 
data m each case 

Name Nene Injured Date 

Interval 

Intcr\ al Treatment Plasma Repair Date 

pre Op Studies Chronavic CMC Skin Resistance 


Operation Notes 
Cond lion of Nerve Cnds 

Length of Gap Condition of Nerve Bed 

PMent of Lesion (at operation) 

Tens on Angulation of joint Fivation 


Post Op Record 
Chronaxic 
Other Tests 
SVm Resistance 
Clinical Signs 

Months I 2 J 4 d 8 10 12 Id 18 20 24 

Evidence of Return 
Degree of Rccoi ery 
Disposition 

When the patient has reached the point of maximum itnprovciuent 
the result must be graded according to readily understood 
The motor and sensory improvements are rated separately according 
to the follow mg scales 


iMotor 


0 No contraction 

1 Flicker or trace of contraction or drop m clironaxic 
■* Acti\e motement \Mth graMtj eliminated 

3 Active movement against gravit) 

4 Activ e movement against grav it) and resistance 

5 Normal power and all muscle remnenated b> chronaxie test 
(This is a slight modification of the Oxford Scale ) 

Sensory 

J Return of deep pressure sense often \v ith distributional confusion 

2 Touch and/or pain sense 

3 Distinction of sharp and dull 

4 Localization of touch 

5 Two point sensibility and stercopnosis 

(The presence of hyperesthesia of distributional confusion drops the 
b> one ) 


CALCULUS FORMATION IN THE BEDREST PATIENT 

Major George C Touy and Major Lloyd £. Ha%v’Is 
MEDia«. Corps Army o? tut Unitto States 

It his been known for a long time that renal calculi may form 
during prolonged bed rest, and isolated instances have been reported 
Howe\cr the incidence of stone formation has been emphasized when 
large numbers of bedrest patients have been grouped together as 
orthopedic casualncs m large Army general hospitals These patients 
hav c had renal calculus formation as a complication of their care in 
bed and most of them have had acute abdominal symptoms or a 
typical renal colic w liile still in bed m spica or traction Attention has 
been called to these patterns by the acute symptoms Rehcf of the 
symptoms lias been rapid when rbc correct diagnosis has been made 
In a period of one year there have been thirty two cases of stone 
formation in orthopedic patients on prolonged bed rest at a Jaige 
Armv general hospital In all but one a true calculus was recovered or 
seen m the roentgenogram These cases represent about 0 6 per cent 
of all the orthopedic patients treated m th-it > ear All of these patients 
had no infection of their urinary system no renal anomaly or other 
abnormality of the urinary tract and no history of calculi or other 
renal disease Ov cr one half of these cases ha\ e been followed for sei 
eral months or until the patients were discharged from this hospital 
completely recovered from their orthopedic disabilitv All diagnoses 
have been confirmed by plain roentgenograms and emergency mtra 
venous pyelograms 

All of the stones ha\ e been composed of calcium and all but one 
was primarily calcium phosphate In the remaining case the formation 
was primarily calcium carbonate 
At the time of the acute symptoms the patients had been m bed 
for as short a time as five weeks and as long a time as thirty three 
weeks 

In the same year two patients with wounds of one ureter developed 
renal calculi while at bed rest and interestingly in their undamiged 
and freely draining 1 idncy The stones formed m the kidney that 
could put out urine and not m the kidney with impaired funenon 
One patient vvirli multiple vesjcocutancous fistulas following a gw 
shot wound developed bilateral fine calculi There were two orher 
bedrest patients who developed calculi one with extensive actino 
mycosis of the soft tissues of the pelvis and one with sev ere ulcera 

tive colitis 

From the Genitourinary and \ Ray Sections Rhoads General Hosp wl Ur ca, 
Nc'V York 
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DIAGNOSIS 

The patients displayed three different kinds of symptoms (1) acute 
abdominal symptoms highly suggestive of appendicitis, (2) typical 
renal colic, ind (3) the passage of a stone in the voided urine with- 
out prodromal symptoms 

The first group, representing 32 per cent of the cases from the 
orthopedic service, presented with their acute svmptoms a nice dif- 
ferential problem between acute appendicitis, renal colic and an acute 
gastroenteritis The first case is typical of this group 

Case I— In August, 1944, a 22 year old soldier received a large wound m the 
upper left thigh from an 88 mm shell This resulted m a compound fracture of 
the Upper femur The leg \v as placed in a cast In a few day s the cast was re 
nio\ed because of poor alignment, and traction applied Six weeks after injury, 
in October, 1944, a full body spica was applied and the patient transported back 
to the United States On admission to this hospital there was no evidence of m 
fection, and upon removal of the cast the soft tissues were well healed He was 
placed in a Thomas splint 

Sixteen weeks after the original mjury, m the first week of December, 1944 
the patient began to have epigastric pam which gradually increased m intensity 
The pain radiated to the right lower quadrant Two hours later he became nau 
seated and vomited once There was no rise in temperature, the white count was 
7600 Palpation of the abdomen revealed no localized tenderness A routine urine 
specimen show ed innwncrablc red blood eelit 

Roentgenograms of the abdomen showed two 3 mm stones m the right kid 
oe> Immediate intravenous pyelography revealed dilatation of the right ureter 
pelvis Cystoscopy was performed, and a small calculus was removed from 
the tight ureteral meatus The symptoms were immediately relieved The patient 
subsequent abdominal symptoms There was no further hematuria Upon 
IS discharge sit months later, an abdominal roentgenogram showed complete 
disappearance of the renal calculi 

prE''ous laboratory reports showed that there had been 6 to 8 
te blood cells per high power field m his urine two weeks before the onset of 
symptoms 

Patients m this group usuallv Ind a gradual onset of abdominal dis- 
comfort which later turned to pain The pam was steady and not 
Co iclcy Nausea was very frequent Vomiting was sometimes recur- 
rent, and in one patient was the chief complaint There were no 
The picture suggested appendicitis In no case 
as the white count over 11,000, and there was no increase m the 
tio of polymorphonuclear leukocytes There was often a slight rise 
n temperature, but none went over 101° F orally One patient had a 
and ^ patients the pain gradually settled in one loin or groin, 
some tenderness could be detected over one kidney or ureter 
vom ^ this group were entirely gastrointestinal nausea, 

We epigastric or midabdominal pain Urinary svmptoms 

re not present to aid in diagnosis The urine was examined early— 
^ examination should alw ay s be the first procedure m these patients 
mination of the urine is easv% rapid, and of the utmost diagnostic 
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importance It should be done concurrently ^\lth the white blood 
count 

In all cases a fiat abdominal roentgenogram t\as obtained which 
was followed by an mtratenous pyclogram as an emergency proce 
dure A prolonged preparation for the pyclogram was unnecessar) 
and dch) ed diagnosis In these casw one is looking for renal block 
as show n by nonfunction of one side, increasing density of one kid 
ncy Without d>e appearing m the pelvis, or dilatation of pelvis and 
ureter above the point of obstruction 
These roentgenological findings w ere seen in all of the bedrest pa 
ticnts complaining of acute abdominal svmptoms and having hema 
tuna Wc has e not found a gas and feces filled colon or gas in the 
small bowel to hinder the discovery of partial or complete ureteral 
block Wc have not found dehydration, which requires hours of 
dcla> , necessary for an adequate concentration of d> c 
UareU , hematuna may not be found and no stone may be rev caled 
m the roentgenogram, when a bedrest patient presents his physician 
with acute abdominal symptoms The physician should rot be misled 
by this, but should immediately perform emergency py elography At 
tlic time of sy mptoms the patient s urine may be clear, whereas pre 
\ lously or subscqucntlv red blood cells will be present m the unne 
The following case will illustrate the need for the enure trial of 
diagnostic procedures in each case 

Casl II -A 50 > cat old man broke his lelt hip in August 1944 Subsequent to 
niiling; an abscess developed around the left hip which requited incision pen 
KilUfl and fixation in a spica The spiea remained for tw o months As he first bt 
pan to sit up in a wheel chair thirty one weeks after the original iniury which 
put him tt 
the lower 
V started an 
J subsided 

' flat lOcniEcnogram showed no calculi On the lollovvinB day there ^ n 
right costovertebral leiidcmess and a pyclogram revealed a right h>'dronephrosis 
Cystoscopy showed no spurt from the nghi orifice until after ureteral catheteriza 
non Then a spurt of muddy debns filled urine came from the ureter around the 
cadietcr The ureteral urmc conramed an occas onaJ white and an occas onsi rto 
cell Its culture gave no growth There were no subsequent attacks 

In this patient the urine at the time of his symptoms was free from red olood 
cells, and the abdominal roentgenogram showed no stone The pyelogritn 
therefore deU> ed twenty four htmrs Wlicn it was obtained the cause of the 
symptoms was found to be a block of the right ureter In all bedrest patients uitn 
symptoms all three steps should be earned out 

The second group of patients 55 per cent, had typical renal colic 
which made diagnosis easy 

The third group of patients, 13 per cent m all noted a stone m 
their urine as they voided as the first indication of renal cafcuius 
formation These patients all had microscopic hematuria and many 
had additional stones demonstrable by roentgenogram 
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Some of the bedrest orthopedic patients were found to have a 
microscopic hematuria in their “routine” specimens obtained after ad- 
mission. They had liad no symptoms. Flat abdominal roentgenogram 
showed renal or ureteral calculi. The presence of hematuria in the 
urine of any bedrest patient is very important, and when detected a 
plain roentgenogram and intravenous pyclogram must be obtained. 


ROENTGENOGRAPHIC FINDINGS 


Stones when present were divided as to location and number as 
follows: 


Per Cent 


Unilateral stones . . . 7J 

Bilateral stones . . . .27 

Renal stones .40 

Ureteral stones 

Rena! and ureteral stones . . .27 


Solitary stone 20 

Multiple stones . . 80 


It can be seen that the scones were usually multiple and scattered 
about in the kidneys. It is difficult to understand why the stones were 
so frequently unilateral. Often fine calcareous material and tiny 
rounded calculi outlined the calices, infundibula, and even the pelvis 
quite completely, A calcareous cloud would entirely outline one or 
more cahees. In one case, fine calcareous material extended down into 
the ureter. 

Pyelography, as mentioned above, revealed in all patients with 
symptoms some degree of ureteral block. There was no x-ray evidence 
of pyelonephritis or renal anomaly. 


CALCULUS FORMATION FOLLOWING GUNSHOT WOUNDS TO THE 
GENITO-URINARY SYSTEM 

In patients who have had gunshot wounds to the genito-urinary 
s>stem and have been in bed for several weeks, calculi have devel- 
oped. We have seen three -such patients. One had a stricture in the 
o\\ er left ureter with a moderate hydronephrosis above, and impair- 
menc of function of the left kidney. Another had a complete left 
ureteral transection with a cutaneous fistula. In both, stones formed 
on the unaffected, uninjured side and no stone formed on the injured 
b\ ^ H from the unaffected side was sterile, and free from white 
^ ood cells. The third case had numerous vesicocutancous fistulas; fine 
ones filled both sides but were unaccompanied by hydronephrosis 
or impaired function. / / f 

/"^Ppttant for the surgeon to recognize the possibility of stone 
patients, and to look carefully at the good imin- 
and urete^ ““ore any operative procedure on the involved kidney 
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CALCULUS FORMATION IN OTHER NONORTHOPEOIC PATIENTS 

Tliesc ha\ e been reported m the literature m patients on prolonged 
bed rest from other causes than the above Wc ha\e hid at this hos 
pital two sucli patients One had an cxtcnsiv e Actinomyces infection 
of the soft tissues of the peUis, and could not move about in bed 
because of great pam lie was moved passively as much as he would 
tolerate Accidentally, on one film of the pelvis the lower poles of 
the kidncj were included, and both calices, pelves and upper ureters 
were seen to be packed with tin) stones and calcareous material The 
patient had no unnary s> mptoms or infection The other patient had 
sc\crc ulceratite colitis and had been m bed for seseral weeks The 
Stones were as>mptomatic 

CAUSE 

It has long been known that decalcificacion takes place in the bones 
of an\ part immobilized bv cast or not used, as m muscle paral)sis 
or a painful extrcmit) 

It IS well known tiiat the excretion of calcium m the urine m 
creases m patients with fractures who arc confined to bed However 
It has recently been pro\ ed that a healthy male, confined m a spica 
for several weeks also goes into negative calcium balance Large 
amounts of calcium arc excreted m the urine It is evident that the 
presence of a fracture is not necessary for incrcised calcium excretion 
m a person confined to bed 

Neither infection nor stasis is necessary for stone formation in the 
bedrest patient, though we realiTe tlm they are m many instances im 
portant factors in the formation of stones No urinary infection was 
found in tlie orthopedic cases in this senes In the two patients with 
ureteral injury, infection and stasis were present on the injured side 
No stones formed on this side The stones appeared on the freely 
draining, uninfected side 

Why one patient on bed rest forms stones, and another patient on 
bed rest docs nor, is unknown 

PROGNOSIS 

All patients with complete or partial bloci required cystoscopic 
manipulation The usual well recognized procedures were used m rne 
management of these patients ic inNing ureteral catheter uretcrai 
meatotomy, manipulative removal by basket, and so forth No ure 
terolithotomy was necessnrv m this group One patient with stricture 
of the left lower ureter following gunshot wound required a 
lithotomy on the normal right side for the removal of a large ft' 
angular pelvic calculus . , 

No further operative treatment was necessarj after the removal or 
the blocking calculus though numerous small calculi remained in one 
or both kidneys 
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Fifreen cases have been carefully foHoued to date, and the patients 
have been discharged from this hospital Onlv two had a second at- 
tack of colic, and both were able to pass the stone spontaneously In 
all but one case, hematuria and \-rav evidence of stone had disap- 
peared entirel) within seven weeks In the fifteenth case, hematuria 
persisted for thirteen weeks and a small renal calculus was retained 
for forty weeks Most of the stones disappeared without the patients 
knowledge 

IREATMENT 

For the acute symptoms, remov al of the blocking stone gav e com- 
plete relief m all cases 

No operative treatment was necessarj for an> remaining calcuh, 
or m asymptomatic cases in which the stones had been found follow- 
ing the discoverv of red blood cells in a routine specimen of urine 
The patients were carefullv watched for sjmptoms The urine was 
examined repeatedlv for the presence of hematuria and frequent flat 
abdominal roentgenograms were taken The latter showed the gradual 
disappearance of any remaining calcuh 
No change was made in the course of orthopedic treatment because 
^ an intercurrenc renal colic or the discoverv of urinary calcuh 
Turning was encouraged Ambulation was nor hastened, though it 
^as allowed at the earliest time of safe removal of the patient from 
his spica or traction The treatment of the fracture or other injury 
came first The renal calculus was an unfonunate complication 
Fluids were forced No attempt was made to limit the calcium in 
Jake as this does not matenallv alter the degree of h> pcrcalcinana 
I he urine was kept acid, since calcium and phosphorus are known 
w precipitate out more readily in an alkaline urine A high vitamin 
A and B intake was advised to promote epithchzation 

SUMMARY 

The formation of urmarj calculi has proved to be a serious com 
P ication m bedrest patients Thirtv two cases from the orthopedic 
^'ards, without unnan infection or abnormality, are reponed and 
added from nonorthopcdic wards The calcuh were 
siia 1} discovered after the onset of either acute abdominal sjTuptoms 
festive of appendicitis or a tvptcal renal colic, or the passage of 
a small stone > f s 

ac^y^ ^^ 1 ^ made the first procedure jn the differential diagnosis of 
un ^ ^ sjmptoms in a bedrest patient the elimination of 

the^n^ ‘^^Iculi Three simple tests are earned out an examination of 
blood cells, a plain abdominal roentgenogram for 
tach emergency pj elogram for ureteral block. In 

^ three steps are earned out, and, in our evpenence, have 
of great diagnostic value 
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Although the earliest phases of obstetrical practice have been lost 
m anciqiiit)', it seems Iilwcly that aid to the laboring m ornati preceded 
the written word by many thousands of years and that even the it 
moval of the fetus from the abdomens of women both living and dead 
uuy a HOC tinhnoun, if infrequent procedure The Talmud gave 
reference to “dclncry through the side,” and savage tnbes have been 
observ cd m the successful practice of abdominal deliv ery of the fetus 
From 1500 on, numerous operations of this t>pe were earned out, 
rarely successfully, and it was not until 1882 when Sanger suggested 
that the uterus should be sutured following removal of the products 
of conception that the first step was taben m the direction of iifl' 
proved maternal mortalit) With the development of antisepsis and 
asepsis, and anesthesia, the last major obstacles were cleared' 


INCIDENCE AND MORTALITY RATE 


Since inception the incidence of the operation has grown steadily, 
and with each major step forward the procedure has changed from a 
last resort with almost certain death to mother and ferus to an elec- 
tive operation with a very low mortabty.® Still, however, no standard 
set of indications for the procedure— nor comramdications-is wide!) 
accepted' and great ' anation w ith the part of the country, the stntum 
of society and the ability of the physician is evident- ' ^ ® 

fn some areas the incidence is less than 1 per cent, m others it ex- 
ceeds 10 per cent In some large hospitals in which both chnic and 
private eases are delivered side bj side bv the same doctors, the m 
cidence of section is 2 to 3 per cent higher for the private cases In 
general hospitals the incidence is somew hat higher than m lying it' 
hospitals where the incidence rarely falls below 3 per cent or tises 
above 5 pet newt 2 a s 6 

The mortality rate for both fetus and mother varies much as docs 
the incidence of the procedure In some climes it is less than 1 pet 
cent, in others it exceeds JO per cent In cases of elective section tnt 
fetal mortality is around 2 per cent, which is less than that of vagiu' 
delivery, but the ovcr-all fetal mortality f^t he operation is f tot^ 


From the V S Naval Dispensary, Washmgton, D C 
The opinions expressed here are diose of rive author and 
fleet those of the Navy Department 
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to 10 per cent, a rate made high by inclusion of cases of premature 
separation of the placenta, placenta previa and toxemia of pregnane), 
in Mhich the low survnal rate of the fetus is due to the preexisting 
conditions, not to the operation ’ 

USES 

Fetal Indications 

Many cesarean sections arc done solely because of fetal indications 
and v\ith the general use of this procedure there has been a tcndenc) 
to forget how many babies can be delivered vaginally and ainc if all 
convenient procedures such as forceps, version and section were made 
impracticable or difficult The accompanying table shows the outcome 
of over 15,000 deliveries done by Mme Lachapelle m the early 1800 s ^ 

COMPARISON OF OUTCOME TN 15,652 SPONTVNEOUS AND 


OPERATIONAL DELIVERIES 




Approximate 
Per Cent 

Living 

Fetuses 

Approximate 
Per Cent 

Total 




95 8 

Spontaneous 

15 380 

98 

14 772 

96 

Forceps 

93 

0J9 

72 

77 

Version 

155 

099 

no 

73 

Craniotomy 

14 

009 

0 

0 

Pubiototny 

2 

(Maternal death) 

0 


Section 

1 

(Maternal death) 

1 



^ot that We believe that all babies who can possibly be delivered 
tom below should be allowed to do so, for even if the baby is not 
died by excessive molding of the head m such cases, the amount of 
cerebral damage produced by clinical and subclmical hemorrhage and 
Pie^re necrosis is unw onted and entirely unnecessary 
Disproportion —The most frequent indication for the use of the ab- 
omnal method of delivery is contracted pelvis with disproportion, 
emphasized that a contracted pelvis m the absence 
o disproportion is not an indication for operative intervention At 
e present time, 30 to 50 per cent of all sections are done for this 
n ication, but few er cases will continue to fall into this classification 
etter clinical guidance and more extensive use of x-ray pelvimetry 
re utilized There should be no problem m deciding the course to 
1 C pelvis which is normal or defimtely abnormal by elm 

derl legmmate x ray interpretation It is the bor- 

vvhich careful mensuration and clinical consideration 
should be utilized 

Once the diagnosis of borderline disproportion is made, the patient 
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shouW be gi\en at least four houn of good labor Good labor should 
not be confused sv ith irregular pains of mcflicient qualit> , but neither 
should the patient be allowed to have poof and irregular labor for a 
d3\ or so vailing for the contractions to become effective If the 
membranes nipcure or good labor docs not develop m twelve hours, 
such a patient should definitely be consigned to having a section or 
should be classified as definitely able to have the baby by vagina 
without undue molding Watchful expectancy can become crunina) 
negligence 

Abnormal Presenfafions — Prom 2 5 to 4 per cent of all sections are 
done for abnormalities of presentation such as face, transverse or 
breech It is common practice to do a cesarean section for all pnnup 
arous transverse presentations which cannot be converted to ver 
tical polantj cither before or during labor MuUiparas can usually be 
allowed to deliver from below so long as dilatation is progressing 
satisfactorily and there is no undue fetal distress or evidence of ini 
pending uterine rupture 

Pace or brow presentations can also be allowed to debver so long 


as labor is progressing satisfactorily, but one could hardly be cna 
cjzed for the abdominal delivery of a pnmipara with a face presenta 
tion which remains high early m labor 
A breech presentation per se is not an indication for a secooa 
Additional factors such as elderly prmngravida borderline pelvis with 
large fetus and uteeme inertia frequently make section the safest 
method of delivery certainly so far as the baby is concerned 
Elderly Primigravids ~Onc of the few instances m which cesarean 
section can be used to advantage, and of which full utilization often 
IS not made, is the case of the pauenc who is having her first ana 
probably her last baby By elderly pnmigravida we do not mean 
merely the statistical elderly womitv— we mean the patient who is 
elderly and who has had a long hisrorv of relative sterility, or wno 
for some reason is possibly not going to become pregnant again Such 
a patient m our opinion should run no excessive risk m getting a 
live baby If with a trial labor, all findings being normal she has w 
promise of good labor and easy delivery, ^hen one is justified m allow 
vng deUvcrv from below, but with awy other complicating faccor, of 
factors, such as breech presentation, premature rupture of the mem- 
branes, uterine inertia or borderline dispropornon we feel that a^c 
tton IS justified, even definitely indicated Five to 10 per cent o a 
sections are done for this indication 
Ulenne Inerhs and Cervical Dyrfocia —Approximately 2 fo 4 
of all sections arc done for these almost msepacablc conditioM 
the whole vve do not favor the use of section in such cases to 
beheve that other methods are at hand to deal with all ^ ^ 
case of utenne inertia and cervical dystocia It is obvious, b 
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that if section is to be done on this indicanon, the attending physician 
should make up his mind before the patient has been in labor twenty- 
four hours, before the membranes hnc been ruptured n\cl\e hours 
and before excessive vaginal manipulation has been earned out® 
Obstructing Pelvic Lesions —Obstnicting pelvic lesions produce in 
dications for 2 to 4 per cent of all sections, and arc for the most part 
made up of ovarian cjsts and mjomas of the lower uterine segment 
and cen ix 

Prognosticating which tumors will rise from the peh is during the 
course of the pregmnej is extremely hazardous, and in the case of 
fibrom}omas of the lower uterine segment, even the onset of labor 
ma} not give the true picture In such cases the picture at the time 
of, or soon after, the onset of labor should determine the course 
Anti Rh Factor— Since the development of recent knowledge of the 
Rh factor and its significance in erythroblastosis fetalis many sections 
are being done to remove the fetus from the noxious influence in the 
stead of induction of labor 

The anti Rh factor should be closcl> followed b) a legitimate labo 
ratory at biweekly intervals as soon as viibilit) is reached (wccklv 
if the titer is rising), and if a rising titer is encountered the baby 
should be delivered as soon as possible 
In multiparas in whom deliver)' b\ induction from below is with 
out untoward hazard, that should be the method of choice In pnmip 
aras or multiparas in w horn induction seems unsafe, abdominal dehv erv 
IS desirable 

Maternal Indications 

With the passing ) ears the so called * maternal indications” for 
cesarean section have become more prevalent, although actuall) the) 
too feature the welfare of the fetus to a great extent 
Previous Section —This categor) is becoming more and more im 
portant each ) ear because of the increasing number of sections which 
nave been done m the past few )ears and because of the widespread 
chef m some quarters that ‘once a section, alwa)s a section’ is a 
ard and fast rule This indication is utilized for from 10 to 25 per 
cent of all sections done 

It is our opinion that the patient should be allowed to have the 
a y vagmally provided disproportion does not exist, that the indica- 
tion for the original section is no longer present (placenta previa, m 
crtia, etc ), that the puerperium was not febrile, and that the surgeon 
°Slf u operation used reasonable technic 

Quid a patient who has had a previous section develop any addi 
onal complication of note during labor, such as an abnormal pres 
10 inertia, pain or bulging over the scar, it is our opm 

B t at these factors tip the balance and constitute indication for 
a second abdominal delivery 
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Such a patient who is to be allowed to go into labor should be 
m the hospital at the onset of labor and should be carefully watched 
during the early hours 

Placenta Praevia -The diagnosis of placenta praevia is found in most 
senes to head the list of maternal indications to the extent of 5 to 10 
per cent of the total sections done 
In most quarters the lo\v-l>ing placenta and the marginal praevns 
arc allowed to delner from below while the partial and total types 
are delncred bj section Some groups still elect to delnet paniil 
placenta prae\ia b> \ngina, particularly m the multipara, but the 
dilHculty of diagnosis and the high mortality for the fetus (25 to 100 
per cent against 5 to 10 per cent !>> section) is considered b> many 
as definite indication for abdominal dclncry 
Tinesse and excellence of judgment arc necessary m handling such 
cases, particularly when the first bleeding attack is noted prior to 
\ lability of the babv A course of watchful espeenney under bos 
pjtahzanon until the baby js \nble, and the judicious use of the stenlc 
vaginal examination, with the operating room set up to do a section 
xm\ 1 clarify the diagnosis and combine safety for the mother with 
advantage to the fetus 

Premature Separation of the Placenta —From 4 to 8 per cent of all 
abdominal deliveries arc done for premature separation of the nor 
mally implanted placenta, and the therapy of this condition is subject 
to a great deal of dilTcrcnce of opinion 
With small areas of separation in which labor is progressing well, 
we feci that no other therapy is necessary than close obscrvwnon with 
operative procedures at hand Even if complete detachment occurs 
late in labor and it is felt that delivery from below can soon be 
effected, the procedure of choice is vaginal delivery 
Extensive sepannon early in labor w ith the baby liv mg, or a rela 
mcly complete one later m which progress has ceased and delivery 
cannot be safely effected from below, usually leave no other recourse 
than section 


Severe PreeeUmpsia —Abdominal delivery in severe preeclampsia is 
performed in 4 to 8 per cent of all cesarean sections, pnmanly for 
the fetus but frequently on stnctly maternal indications 
Conservative therapv of this condition has long proved to be the 
method of choice, but despite excellent care, cases may progress to 
the point of convulsions and maternal danger Before this occurs, in- 
duction and delivery from below may be earned out m most cases, 
but m some individuals the induction of labor may be uncertain and 

hazardous and section is occasionally “I profitable procedure 

Hesrl Disease -Ac the present time, section is reserved for those 
severe cardiacs (group IV of the New York Heart Association) in 
whom labor is of poor quality or in whom additional complicaimE 
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factors SGch as breech presentation or premature rupture of the mem- 
branes weieh heanh m fa\or of abdominal deli\er\.^* 

FUsfic Vaginal Repairs— This classification is becoming: more fre- 
quent because of the more cttensisc use ot the vamnal p’asnc repair 
and the desire of older uomen to have babies From the phv^cal 
pom- of view, the plastic repair on the cervrc or va?ma rarelv affects 
Its dilatabihrv , but it is poor economv to have a repair and then let 
a vamnal deliverv disrupt it We feel that a voimg woman who has 
not had all her familv should not have a vaginal repair unless 3b«o- 
lutelv necessarv, and then cither the repair and stenlization should 
be done, or she should have a section with am subsequent pregnanev 

ASUSES 

Statistics on the abuse of cesarean sccoon have to be drawn from 
inference, for fortunatclv there arc few people w ho boast about their 
misuse of the procedure. 

Supposed Disproportion —The most frequent mdiscnmmare ualiza- 
uon of the method comes under the diagnosis of supposed dispropor- 
tion. These cases are dwindling with the vear^, as obstetneuns do 
more of the woA. and as there is better antenatal care and wider use 
of X n\ p€h imecrv 

Faced with a floating or sbghclv dipping head, irregular labor and 
questionable measurements, it is casilv seen how panic develops and 
*ecnoa <eeins the easiest wav out. Mam of these coses should be clas- 
sified as otenne mema, and the cure for the unccrrainrv should be 
adequate obstetneal consulcanon and x-rav pelvimetrv 
Prolonged Labor — Neglecfed — B\ far the most fatal abuse of <ecaoa 
s found m cases of prolonged labor** Mam times these mdividuaL 
have been m labor from twenrv-four to 124 hours or more, have had 
rup-ured membrane for several davs. and have moderate to marked 
elevations of temperature. 

Even the excrapcntoneal operation was not designed for the w orst 
of these cases, for the babv is olreadv dead, dving or badlv injured 
and has a small chance for survrva! Bv ail means no transpentoneal 
should be attempted 

jne procedure of choice is the admmistrtaion of andbioocs, fiuidi 
an vaginal deliven w hen diltataoon is completed. Cramotomv , if the 
in ant p dead, mav hasten the time of deliverv . 

eefive Pelvic Prccedures,— Cesarean section as the mode of deliverv 
pauents w ho have operable pelvic disease or w ho need sterilization 
h "arranted Several la^e senes have shown that such com- 
ddrv- ^ of maternal life, and that normal 

^ ^ followed bv the elective procedure m several months, or 
^ Qtelv postpartum if ic is srenlizanon, is preferable 
*0 apsed Cord — Ce^^arean section is rarelv mdicated for prolapsed 
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cord, panicujarly m the face of ucecine contamination by attempts 
at rcphcemcnc, poor condition of the fetus by the time the prolapse 
ts discovered, and the condmons under which such emergency prcce 
durcs have to be earned out In an clderlj pnmigravida m whom 
prolapse is discov ered immediate!) , compression is not se\ ere, and the 
cm iroruncnt is such that a good technic is possible, section is possibly 
justifiable 

Dead fetus or Monsfer.— Unless pelvic contraction is so severe that 
even With extensive destruction the fetus cannot be removed without 
probable harm to the mother, cesarean section is definitely contra 
indicated in the presence of a known dead fetus or monster X ray 
films of the fetus niaj on rare occasions he of help m identifying such 
abnormalities 

CONCtUSlONS 

It mvist be understood that the opinions and statements here ex- 
pressed are formed from the statistics of the past, not of the future, 
noc cv en of the present, for u ith the extensn e use of better technics, 
of plasma and antibiotics, the hazartls of section are made much less 
irighxenms 

The operation now should be used not on!> to save the lives of 
bibics and mothers which would otherwise be lost, but it also should 
be used to produce useful members of socictv where difRcuh deliv 
Cries may obviously do otherwise 

Cut even as these aids have reduced the hazards of section, they 
hav c reduced equally the hazards of normal dehv ery , and the result 
anr difJercnce in morrohry rare is swH many times in favor of the 
Vaginal method With proper screening of cases, childbearing may be 
made more profitable and less hazardous 
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TECHNIC OF THYROIDECTOMY 

A Satisfactory Method for the Youn9 Surgeon 

J WiLLUM Hinton, iM D , FACS* and Jere W Lord, Jr , iM D t 

Many papers on the operative removal of the thjrojd gland have 
been published One of the most popular and successful methods w as 
described b\ Halsted^ and elaborated upon b> Reid and Andrus ” 
Other authors such as Lahey^ have emphasized dividing the strap mus 
clcs with wide exposure of the thyroid gland and its surrounding struc 
cures such as the common carotid arteries )ugular veins and recurrent 
laryngeal nerves Surgeons of experience in the operation of th>roid 
ectomy have found methods which are suitable pcrsonallv, but for the 
>oung surgeon who is still not entirely satisfied with his own tcchruc, 
the method described in this paper maj be of value The )unior 
author (J W L) found himself m the above position After having 
performed some thirty -five partial thyroidectomies b\ the modified 
Halsted method^ he adopted the method herein described (that of 
the senior author) with the result that the operation of thvroidectomy 
became a simpler procedure m his hands Those residents at the New 
York Post Graduate hospital who have cmplov ed ibis method of thv 
roidectomy have not found it difficult to master and their results are 
entirely adequate 

The method emphasizes exposure of the thyroid gland above all 
else With complete control of the blood supplv The draw mgs may 
aid m clarifying the principles which we feel are important 
I Adequate positioning of the paticiH Figure 227 shows the trachea 
^d the thyroid gland thrust forward by means of the elevation of 
K upper back by a folded sheet and hyperextension of 

tne head on the neck This position is quite similar to the one used 
or bronschoscopy A poorly positioned patient can make the entire 
operation of thyroidectomy difficult 

, ^ "^^0 tnctsion is a slightly curved collar incision 3 cm above 
_ ^ ^femoclavicu lar joints and approximately 8 cm in length It is 

^*^°*^'*^* Professor of Clinical Surgery Columbia Post Graduate School 
DiraJ^vr^ Attending Surgeon New ^ork Post Graduate Medical School and Hos 
^ Visiting Surgeon Bellevue Hospital New \ork Cit> 

New Surgery Cornell Unn ersity Medical College Assistant Surgeon 

\ ^ Graduate Medical School and Hospital Surgeon to Outpatients 
ork Hospital Attending Surgeon Manhattan State Hospital 
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deepened onlj through the skin and not through the placysma B\ 
means of a sharp-toothed rake retractor the upper dap is dissected 
aN\av from the platjsma and the pretracheal fascia bluntJv -with a 
gauze folded over the operators right index finger The operator 
holds the retractor m his left hand during rhis maneuver fr is im 
portmt to take the flap upw ard for at least 2 cm abo\ e the th> roid 
cartilage (Fig 22B) The lower flap is not dissected 
/ The sternofij oid muscles are now separated m the midline by 
incising the pretracheal fascia throughout the entire length of the 
incision This must be carried well above the thyroid cartilage m 



Tip 227 —Position of the p«icnc foe thyroidectomy 

order to have adequate exposure With a McBurne> retractor under 
the sternohyoid muscles, complete freeing of the gland is carried out 
bluntly by the Angers, the beginning of which is shown in Figu^ 
229 The right lobe of the thyroid gland is approached ' 

operation of subtotal thyroidectomy, this is done by dissecting blunt y 
With a curved scissors the sternothyroid muscle from the lobe After 
tbc retractor is placed under this muscle the gland is elevated an 
controlled by means of one or more (as necessary) Tahey 
These clamps must not take too large a bite or be closed wo ^ J 
or they will tear through the capsule of the gland and cause bleedi S 
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Fig 228 -Incision The flap is tahen upward for at least 2 cm above the thjroul 
cartilage 



Fig 229 -Beginning the freeing of the gland bluntly by the fingei 
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4 Figure 230 shows the right lobe of the gland controlled by a 
Lahey clamp in the operator’s left (und The usual method we em- 
ploy for partial remo\al of the lobe is to divide the vessels at the 
lower pole between paired curved clamps, being careful to avoid the 
recurrent krjngcal nerve which hjs posteriorly but may be elevated 
by the inferior thyroid artery which is elevated m turn bv the gland 
held forward by the Lahey clamp It is dcsinblc to have some four 
dozen small curved clamps (“Providence” or ‘Halstcd’) available to 
facilitate subsequent tying of tlic clamped tissue The dissection is 
earned medially dividing the isthmus with a succession of small bites 
(Figs 231 and 232) 



Hg 233 —Appearance of the operative field after partial removal of both right ami 
left lobes 

5 With the gland now freed at the lower pole and medially, it is 
enected caudally so that the upper pole with the branches of the 
supmor thy roid artery is visible Instead of isolation and dissection 
the superior thyroid artery before it branches we prefer to doubly 
c amp each branch as it courses over the upper part of the lobe both 
ntenorly and posteriorly'^ This step is not only cosier to perform 
ecause of exposure but also is safer m that the ties are placed on 
veral small artenes rather than one large one We do not have an 
^tration to demonstrate the above maneuver but following its com- 
lou the only remaining step is to cut across the gland in the hori- 
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zontsl pl.}ne between pjired curved claitips, taking as much of it as 
seems indicated in the particular patient 
fn addition to the above mentioned danger of injurj to the recur 
rent larj ngeal nerve m the region of the inferior thjroid arteiy there is 
a much greater danger of ns jn;iiry at its entrance into the larynx near 
the inferior horn of the thjroid cartilage^ To expose the nene in this 
area is “anatomicaII> rather difliculc with the thjroid gland in place’* 
The possibility of injury is best av oidcd b> staying aw ay from the pos 
tenor capsule of the gland and leaving a small amount of thyroid tissue 
m this region After similar partial removal of the left lobe of the gknd 
the operativ e site appears as in Figure 233 



Fig ’H Fig 2SS 

I ig;. 234311^23^ Closure o/ the wound by interrupted sutures to the pretncUal 

fascij and then to die sVin 


Hemostasis is completely secured, and closure without drainage is 
effected by interrupted sutures to the pretracheal fascia and then to 
the skin (Figs 234 and 235) Nonabsorbable suture material is used 
througbour and we prefer fine cotton One point should be men 
tioned and that is the need for absolute hemostasis ui the undeiswrfice 
of the skin flap A small pressure dressing is applied and the sutures 
are removed on the second postoperative dav 

Following the partial thyroidectomies for nontovic nodular goiters 
the patient is ambulatory on the first postoperanv e day and vs dis 
charged from the hospital on the third postoperative dav (an avenge 
maintained during the past several >cnrs) With patients si^erin^ 
from hyperthyroidism the postoperative cour>e is mdividua/tzeu 
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SUMMARY 

A method of thyroidectonu is described ^^hlch makes the proce- 
dure relati\ely safe and simple for the \oung surgeon It is based on 
the two cardinal pnnciples of (1) control of the gland with adequate 
exposure and (2) absolute hemostasis 
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BILATERAL PARALYSIS OF THE ABDUCTOR MUSCLES 
OF THE LARYNX ARYTENOlDECTOMY 

Joseph Kelly, M D , T A C S • 

In October, 1939, I nttempted to answer the question, “What can 
we do to rclic\e patients suffering from bilateral patalysis of the ab 
ductor muscles of the larynx, and what results may we expect^’’ Up to 
that time my one and only resection of a \ ocal cord had been a fail 
ure, and so, on further consulting the literature on this subject, 1 
found that there had been few successful operations performed and 
reported I found out further that the first efforts to correct this con 
dition were directed toward the anterior part of the thyroid cartilage 
in the region of tlic anterior commissure Ilarly attempts had been 
made to widen the anterior angle of the thyroid cartilage m order to 
widen the airway Also anempts had been made to dissect the anterior 
portion of the vocal cords and transplant them into horizontal slits 
made m the thyroid cartilage It seems that the early investigators for 
the correction of this condition directed thcir efforts almost entucly 
to the fixed angle of tlic thyroid cartilage, whereas we learned later 
that better results could be obtained bv efforts directed coward the 
posterior portion of the larvnx where the soft tissues predominate 
and where something can be removed to increase the airway in this 
location 


HISTORICAL DATA 

In a search of the literature the first case that I could find m this 
country m which the ary tenoid cartilage w as remov ed m the surgical 
treatment of bilateral paralysis of the abductor muscles of the larynx 
was reported by C H Baker in 1916 In this instance he removed the 


successful operative technics for the relief of bilateral paralysis ot tne 
abductor muscles of the laryax He was many years in advance of 
any of the successful technics using laryngofissurc as the method of 
approach . 

In 1936, C H Frazier and W B Mosser of Philadelphia reported 
a series of cases m w hich they attempted to correct recurrenc Isryn 
gcal nerve paralysis by nerve anastomosis These operations were not 

• professor and Oiainnan, Department of Otorhinolaryngology. New ^ork 
Universjry Medical School Bellevue Ho^ital Surgical Director Manhattan 
Nose and Throat Hospital New York Gty 
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successful because the ideal is difficult to attain, and because it was 
found that the impulses arm ed at as a result of suture and anas- 
tomosis went not only to the abductor muscles, but also to the ad- 
ductor muscles, producing spastic motements of the cords, and left 
the patient as distressed as he was before the operation The opera 
tions also had a hmitcd use because they could only be employed in 
those cases m which the surgeon was positive that the none ends had 
not been cut and that he would be able to pick up the severed ends 
In 1922 Che\alier Jackson introduced an operation which he called 
a ventriculocordectomy, and entitled his paper “A New Operation 
for the Cure of Goiterous Paraljtic Laryngeal Stenosis ” In this opera- 
tion he advised the remo\al of the true cord and the false cord, with- 
out success In many instances ir was followed by such an abundance 
of scar tissue that cicatricious stenosis resulted 
In 1932 W B Hoover of Boston came forward with an operative 
procedure which he entitled “Operamc Treatment by Submucous 
Resection of the Vocal Cords for the Cure of Bilateral Abductor 
Paralysis of the Larynx,” and in 1938 Hooaer and Prank Lahey wrote 
a paper in which they described their opcratiae procedure as consist- 
ing of a submucous resection of the thyroarytcnoideus muscle to 
gether with the removal of the vocal process of the arytenoid car 
tilage They reported eight cases, slx of which had been successful, 
but acknowledged that the speaking voice was not all that could be 
desired In 1936, four years after Hoover adtiscd the submucous re- 
section of the muscle tissue of the interior of the larynx, J M Lore 
of New York City published a paper, the title of which was “A Sug- 
gested Operative Procedure for the Relief of Stenosis m Double Ab- 
ductor Paralysis ” In this procedure Lore advised the elevation of the 
mucous membrane over the fibers of the thyroarytcnoideus because 
he felt that the submucous resection was very difficult, and that by 
his method it was possible to cut down directly upon the tissue to 
be removed and hemorrhage was more readily controlled, and a more 
complete removal of the tissue could be made under direct vision 
Following the procedure suggested by C H Baker in 1916, Dr Lore 
advised the complete removal of the arytenoid cartilage 
Until 1939, all surgical attempts to correct the stenosis caused by 
bilateral abductor muscular paralysis of the larynx had been directed 
at the interior of the larynx The first attempt to correct this condi- 
Don by an extralaryngeal surgical procedure was advocated by Byron 
King in a paper entitled ‘‘A New and Function-Restoring Opera- 
tion for Bilateral Abductor Cord Paralysis” Dr King suggested the 
tt 1 ization of the principle of substituting a viable muscle for a para- 
particular procedure attached the interior belly 
e omohyoid muscle to the muscular process of the arytenoid 
procedure appealed to many laryngologists confronted 
• a case of paralysis of the abductor muscles A number of opera- 
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tions ere pcr/ormcd by enthusiastic hryngologisrs bur repons of 
successes were few Later King modi6ed hss procedure b> advising a 
complete mobilization of the arytenoid cartilage by cutting the cnco- 
3r>tcnoid capsule King’s first paper was published m March, }9)9 
and I beheve another paper was published m October, 19J9, at which 
time I was trying to find a safe method for use m a case of bilateral 
abductor paralysis under mv care I could not see the virtue of tr> 
mg to attach the omohyoid muscle to the arytenoid cartilage because 
I felt that the best one could expect would be that the muscle would 
attach Itself to the surrounding tissue and not to the cartilage How 
e\ er, it did seem to me that if the arytenoid cartilage could be re- 
mov ed by an cxtralary ngeal route the result should be good 

THE AUTHORS EARLY EXPERIENCES WTTH EXTRAURYNGEAL 
ARYTENOIDECTOMY 

\^'ith this idea in mind I did some work in the moigue to deter 
mine the best method for an extralaryngeal arv rcnoidectomy In the 
course of this work I found that if a window were made in the lower 
postenor third of the thyroid cartilage with its anterior border bmited 
by a Imc separating the middle and the postenor inferior third of the 
thyroid cartilage. I came down on the muscular tissue covering the 
arytenoid cartilage, and that by careful dissection the arytenoid car 
cilage could be removed through this window with little damage o? 
the intralary ngeal mucous membrane I found, also, by examining the 
laryax after this procedure, that the cord on the operated side fell 
away from the median (me and assumed a lower level than the cord 
on the side not operated upon I felt that if nanixe followed her usual 
course in repwnng tissue by obliterating cavities, contracnon of the 
cavity left by the removal of the arytenoid cartilage m^ht give the 
patient a satisfactory airway 

The first operation using the principle and knowledge gamed from 
this work W4S performed on November IPiP, and the patient was 
discharged from the hospital on November 15, 1919, at which nme 
she was vv earing a stopper in her tracheotomy tube tw ency four hours 
a day I could see imp«?ie/nenr taking place in her larynx fm^v 
November 15 until she was sent back mro the hospital again on Jaou 
ary 4, for remova/ of the tracheotomy cuSe The evbe 
moved on the day she enrercii the ho^itaJ, and she was allowed to 
leave the hospital on January JO, and has since earned on her duoes 
as housewife with little incomemence This patient had 
tracheotomy rube for two years following two operations for thvroi 

Aftw performing this first operation I felt that this procedure could 
be done under local anesthesia with safety and with . 

to the patient I had the opportunity on February 19, 194U, v 
case was turned over to us by our bronchoscopic department 



PARAL\SIS OF ABDUCTOR MUSCLES OF LARY^\ 


467 


patient was a man sixty-cight years of age who had suffered from 
bilateral abductor paralysis of the larynx and had been wearing a tube 
for almost a ) ear He w as aaxious to have something done because 
of the severe coughing spells and irritation of his hryn\ caused by 
the presence of the tracheotom> tube He felt that the tracheotom> 
tube was responsible for his spasms because when he was able to re 
mo\ e It for a while he experienced definite relief 
Immediately following the operation on this patient under local 
anesthesia he asked for a drink of watcr» and it was remarkable to me 
how httle interference with deglutition was caused by removal of the 
ar>tenoid cartilage He drank with no evidence of difficulty or dis 
tress, and as a consequence he was allowed to remain on full diet with 
no restrictions during the penod of his com alescence In the first 
case I used a feeding tube for the first week and was careful with 
diet for the next week Since this second operation I have put no 
restrictions whatsoever on the amount of fluids or food taken by a 
patient after an arytenoidcctom> operation 

EXPERIENCES 1940-1945 

Since 1940 fifty-four patients have been operated on by the ex- 
ternal ar> tenoidectomy technic Tony three of these patients have 
been my own and they have had my personal supervision throughout 
their convalescence I have had five failures in this group most of 
which took place in the early part of the development of the present 
technic Three patients have had a secondary operation without sue 
cess However, m another case I reoperated upon a patient who had 
been operated upon in another hospital, where dccannulation had 
been impossible I removed the arytenoid cartilage on the opposite side 
and was able to decannulate the patient 

SPECIAL SURGICAL PROBLEMS AND THEIR SOLUTION 
Since starting this work I have had some difficult surgical problems 
to overcome, and it has been necessary to change the techmc in order 
possible result in every case At the start I did not 
think It necessary to fix the cord away from the median hne of the 
arynx, believing that the formation of scar tissue would be sufficient 
to retract the cord and give us a good airway Now I make this an 
Important part of the operation, and call upon the bronchoscopist to 
place a suture below the cord in such a manner that it will give 
to 12 mm of space between the cords at the time of operation 

PROCEDURE 

\va^^ fhyrohyoid Muscle— In the onginal technic not much thought 
sew thyrohyoid muscle It was cut and sometimes it was 

side^ *oto position and sometimes it was not Toda) it is con 
red \ery important to replace this muscle whenever possible, for 
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It IS one of the elevators of the iarjax, and elevation of the larynx 
helps th«e patients to breathe It also keeps the larynx from sagging 
on one side and I beheve aids the mucous membrane of the larj-m 
to heal properh Postoperative observations on larynges of these pa- 
tients have been very interesting In some of rhem jt appeared as 
though tlic unoperotctl cord moved when attempts at adduction were 
made This may be the case if the unoperated arytenoid cartilage is 
not ank> losed The arytenoid prominences remain after the carrilages 
have been removed We know from the mvxstigjcions made by E F 
7iegler of Gihfornia and others that the arytenoid muscles receive 
some branches of the superior laryngeal nerve and that there is an 
association of this nerve with the ascending branch of the recurrent 
nerve. It is logical to bclicvc'tlvit with nothing to oppose it but soft 
tissue, the remaining arytenoid cartilage could have a lateral move- 
ment to the operated side m the event of coordination between the 
inferior constnetor muscles of the pharvnv and the remaining fibers 
of the mfra-arytenoid muscle 

The Inifial Ineulon —In solving the surgical problems met with in the 
course of this work the question of where and how to make the 
ifunal mctsion has come up for evtensne discussion. I still believe that 
the horizofjtal incision is the incision of choice, for it gives a much 
broader and fuller v lew of the tissues of the neck when dealing with 
difficult cases 

If the case is one m w hich a single thyroid operation has been per 
formed bv an cvcellenr operator, the pretracheal muscles have not 
been severed and there wtis primary healing without distortion and 
the formation of scir tissue, it is probable that no trouble will be 
experienced m exposing satisfactorily the muscles covenng the thy- 
roid caniJage However, the ngbr wing of the thvroid cartilage must 
now be completely exposed and the thy rohy oid muscle rcRccred up- 
W’ard CO expose that pare of the thyroid cartilage through which the 
window IS to be made for the extraction of the arytenoid This is 
sometimes most diiHcult to accomplish under the best condmons uim- 
our using a horizontal incision When using the straight nudbne inci 
Sion an unusual amount of traction must be exerted upon th« 
tracheal tissue to expose the thyroid cartilage properly or the 
muse be displaced in such a xv-ay that it witt be a long -awl ditfcuit 
task to locate and remove the arytenoid cartilage I would not advise 
the midhne incision for the beginner 

If, however, a panent who seeks relief of his paralysis has bad wo 
or three thyroid operations together with \-ray treatment, the 
bihty is that there is nothing left of rhe pretracheal muscles but a 
mass of scar tissue which is adherent to all the surrounding struct^ , 
and it may be barely possible w find a ime of eJearage along w 
a cut can be made, ev en when the horizontal incision is cmpiov 
It vv ould, therefore, be impossible to separate and retract this tissu 
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a nudbne incision were used I feel, therefore, that the easiest and 
proper incision for the expeditious perfonuance of the arytenoid 
operation is the horizontal incision 
In short, fat necks with a small thjroid cartilage and trachea, some 
difficulty may be encountered occasionally in locating the low er bor 
der of the th>roid cartilage It was a surprise to me when I first had 
the experience of spending some umc dissecting the cricoid cartilage 
free of scar tissue, thinking it was the thyroid cartilage This disonen 
tanon was brought about the fact that I was operating upon a 
short, thick neck, full of scar tissue, where only with the most care 
ful and tedious dissection was I able to expose the upper part of the 
trachea This mistal e on m> part was due to the fact that I had made 
my incision at the lower border of the cncoid cartilage instead of 
the lower border of the thyroid cartilage When I have a difficult case 
now, I make the honzonral incision longer and dissect the skin and 
subcutaneous ussues well upward and push mj index finger over the 
trachea and up over the thyroid cartilage until I orient myself b> 
feeling the thyroid notch This accident may not happen to > ou, but 
It may shorten the time of the operation if >ou will use the patience 
necessary to insure the proper position for the honzontal incision 
I might add further that the majontv of the thirx) four patients 
upon whom I have operated personally have had two or more thyroid 
operations and their necks were filled with scar tissue, so that most 
careful dissection was necessary in some of them m order to avoid 
the vessels within the carotid sheath In some of these cases the scar 
tissue Will form about the carotid sheath and pull it from under the 
protecting margin of the sternocleidomastoid muscle When this hap 
pens, care must be exercised not to cut into, or to put the point of 
a pair of sharp dissecting scissors through the jugular vein Some- 
times the thyroid cartilage itself will be so covered with scar and 
that It IS difficult to expose satisfactorily the area in 
which the window is to be made The posterior border of the thyroid 
cartilage and the attachment of the irifenor constrictor muscle may 
c so thickened and fixed in scar tissue that a satisfactory digital ex- 
a^nation for the location of the arytenoid cartilage cannot be made 
curcumstances and the case warrant it, a submucous resection of 
t IS area may be performed So far I have tried this m only one case 
ccasionally the arytenoid cartilage will be very elusive, especially 
young people The tissues are soft and pliable, the arytenoid car 
hryiw'^ fj^cely movable and may be placed rather deeply m a broad 

th circumstances the position of the arjtenoid cartilage 

inrr cricoid cartilage may be readily located by plac- 

the finger of the left hand behind the posterior border of 

tihffi- yj'oid cartilage and feeling the upper border of the cncoid car- 
e t ough the fibers of the infenor constrictor muscle If the 
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point of the dissecting scissois is then pushed through the fibers of 
the arjtcnoid muscles \sliich arc exposed after making the nmdow, 
the position of the arytenoid cartilage may be located and its mo^e 
ment felt bct\secii tlic point of the scissors and the tip of the sur 
gcon’s finger B\ this means it ts easier to find the location of the 
cricoar) tcnoid articulation and so cr the capsule In a hke manner, the 
fibers of the ar> tcnoid muscles im) be separated and cut to expose 
the outer surface of the arjicnotd cartilage. From there on it is a 
matter of patience and judgment until the arj tcnoid cartilage is de 
livered satisfactorily 

The Window.— When itnkmg the window through the th}ro!d car 
tilage, care should be exercised not to make ir too large In m> earlier 
cases I was content to place the suture fixing the cord 3wa> from 
the middle line through the external perichondrium of the thjroid 
cartilage, but now I am fixing this suture by putting it through the 
cartilage and the perichondnum at the upper pare of the antenor 
border of the window If the window is too large, the suture nu\ 
be placed too far forward on the cord to gne a saosfactoiy voice 
The factor xvhich led to putting the fixing suture through the thyroid 
cartibgc was the severe paroxysms of coughing which sometimes fol 
low the introduction of a tracheotomy tube into rhe iarjax of s 
patient w ho has nev cr before w om one Occasionallj it is difficult to 
control this coughing and I bchexc that m one of our recent cases 
ic caused tlie breaking awa) of the suture xvhich had been placed 
through the external perichondrium alone Because of this complica 
non of cough, I have recently had to remove the tncheotom> tube 
m one case on the second day , and m another on the third day A1 
chough I have stated that, in my opinion, some of the good results 
were brought about by keeping the tracheotomy cul>c in place for as 
long as four, five or six weeks, m nervous, excitable patients we must 
choose between what we would like to do and what is the best thing 
to do for the individual when an emergency arises Both of these pJ 
tie»ts had their tracheotomy tubes corUd tuo hours before the tube 
ujs revioxed This was done to make sure thu there i.ould be no 


ivmtedtate dyspnea We find that the corking of the tube alone some 
times relieves the coughing ^ 

The Best Jntraiaryngea! Area for Fixation Sulure -The complication of 
postoperative coughing bnngs up the problem of the best inmUryn 
geal area m which to place the fixation suture If this suture is not 
put securely into the fibers of the thjroarytcnoideus muscle or into 
the fibrous tissues of the cord itself, it may giv e w ay at tius pome 
just as well as from the external penchondnum If the fixing sutur 
IS placed too far posccnorlv into the muscle fibers of the cncoarv 
fcnoidciis. If will nor be secure and it will be difficult to ^ 
proper separation of the cords vvirfiout too much distortion ot 
tissues m the posterior part of the larynx In the presence of sev 
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coughing a suture in this area mav pull through these muscle fibers 
Also, because of its proxmutj to the inferior constrictor muscle, 
se\ere gagging and \omiting may affect its position 
It has been my practice to use the larj ngoscope before determin- 
ing the position in a\hich to place the suture The anesthetist or the 
assistant uses the scope and the operator vith a small, fine hook pulls 
the Cord from the median line of the larj a\ at set cral points The 
location giving the desired airavav with the least amount of separation 
of the cords anteriorly is the point of choice This is usually just an 
tenor to the location of the t ocal process of the arj tenoid cartilage 
It might be of interest to mention here the suggestion of one of the 
brjngologists watching this operation that we use viore than one 
suture in fixing the cord I think this is a good suggestion and we ha\e 
followed It m one case However, we must be careful not to separate 
the cords too much if we are anxious to retain a good speaking voice 
Closure of ffie Laryngeal Mucous Membrane —After the cord Ins been 
fi'ted, the closure of the larjngeal mucous membrane is the next step 
if there have been any laceranons of this tissue The lacerations should 
be sutured with a fine eye needle, using No 000 catgut, and the fibers 
of the arytenoid muscles should also be pulled together After the 
thyroh)oid muscle has been sutured as ncarlv’ as possible to its ong- 
unl attachment to the thyroid cartilage, the wound is ready to close 
We still use a dram vvhich is removed anywhere from the second 
w the fifth dav 

Correchon of Surgical Failures— The next group of surgical prob 
lems to be considered arc those which wc have encountered in at 
tempting to correct our failures bv reopentmg upon the same side 
have tried this m three cases and failed In the first case I operated 
initially in November of 1941 and reoperated m rebruar>% 1942 At 
reoperation I went through the old incision, uncovered the window 
previously made in the thyroid cartilage, and attempted to put a 
suture in o the location of the cord and further displace it from the 
r e median Ime of the lar) nx This was a failure so far as the patient 
^°^'^^rned However, I felt that I had accomplished something 
wh R patient later developed a granuloma of the larynx 

furth removed by our bronchoscopjc departmenr I made no 
rM ^“^^rts m secondary operations until after I had had a sue 
_^ul result in a case of larvngeal stenosis 
larv ^ young man 23 > ears of age who had a 

had fixation of both arytenoid cartilages He 

vearc^H hospital some seventy six times in the course of three 
considerable hypertrophy of the mucous membranes 
It v\^^ ^ thickening of the thyroid and ar> tenoid cartilages 

incre^ ^ ^^ght that removal of one or both of the arytenoids might 
3 t aurvvay He was prepared for an ar> tcnoidectomv', and 

e time of operation it w^s found that he had an old perichon- 
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dntis causing the obstruction One arytenoid cartilage was remo%ed 
but on lar> ngoscopic exanunation the amount of space gained mss 
negligible I then decided to remose cll the cartilage from one side 
of bis hrynt and sesv the mrerna! penchondnum and the thyrohyoid 
muscle to the mednn surface of the pretracheal muscles, Hoping that 
the fo"nation of scar nssue and rfie fi’cation of this side of the laiyat 
to the under surface of the muscles mentioned would widen the 
laiynx bicrall) Tltc rcstilt was most encouraging Two months fol 
lowing this operation he had sufficient airwav to allow us to close a 
tracheal fistula ashicb had existed since he was two years old-the 
result of necrosis of the tracheal rings follow mg a diphthenal infcc 
tjon complicated b\ a trachcotoms He was able to get a gainful 
occupation for the first time m his life 
With this etpcnence to just'f' tny again attempting to coirect fad 
ures bv operating on the same side, I reoperated upon ttto of the 
earK failures within a short time— one a nurse from the South and 
the other a housewife from upper New York State In the case of 
the nurse I removed the nghr wing of the th\ roid cartilage and car 
ned out the procedure of suturing the mtcmal penchondnum of the 
lara nx to the pretracheal tissues as 1 had done m the younc man In 
the housewife m addition to removing the right wmg of the thjronJ 
cartilage I did a rhjrofomi and performed an intratracheal removal 
of the arj tenoid cartilage on the opposite side Removal of the 
atyrenoid cartilage ac this time was done because on bnngoscopic 
examination at the time of operation, wc were unable to widen the 
Iar>fK fav pulling on the sutnres put through the mcemal pefichori' 
dnum I thought that the intratracheal removal of the opposite arjxe- 
noid cartilage would give me more airway 
The results sn these two cases were disappointing I have not heard 
from the nurse since three weeks after her operation in 1944, and I 
rake it for granted that her result was not satisfactoiv However the 
}ad> from upper New York State bis been a most grateful and obhg 
mg patient In Iier case there was i perceptible narrowing of the 
liryruY -tfrer this operanon and on mdifccc evamination of the lirj’nx 
the action of the inferior constnetor and cncopharj ngeus muscles 
could be followed through the nght Side of her lar>n.v There was a 
distinct mot emenr of the crffhcsidc of che/trj nv csch tjweshegagffe 
or strained when I was examining her The arytenoid protninenoe on 
the right side which prior to the second operation remained uot in 
Its posmon now drooped toward the mtenor of the larynx v ni e 
both of these patients were between 50 and 65 jears of age ' 

I believe is the unfavorable penod for consistentlv^ good results a 
nevertheless convinced that -ue nmst comeric the vne^nty 
thyroid citnrla^e, m fer as posstlde^ for the success of any opera 
toreUexe bilateral abductor paralysis of the larynx 
The one point that I did not take into conjiderarioti when 
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ing an analogy benveen the success that I had with the young man 
With lai^mgeal obstruction and the possibility of getting results on 
these two patients by following the same technic, was that in the 
young man I was dealing with an obstruction and not with a paralysis 
of the muscles of the larjmx. 

Recently I have done a secondary operation on a young lady who 
had two previous operations for the relief of her laryngeal paralysis at 
another institution. The first operation had been done three years pre- 
viously by the King technic, and the second operation was done about 
six or eight months later, using the technic of the arytenoidcctomy. 
Fifteen months later, when she again came to our clinic, we told her 
that we thought she had sufficient ainvay to carry on without her 
tracheotomy tube, but she was reluctant to do tiiis because of the 
distress that she cx-perienced at night. She was becoming very' ner\'ous 
and felt that she could not hold a position. We finally persuaded her 
to let us remove the tracheotomy tube without closing the tracheot- 
omy opening and encouraged her to seek employment, which she did. 
However, after following our advice for some months, she came to 
the hospital and said she was ready to have her third operation if I 
thought it would give her more airxvay. We did the usual arytenoid- 
ectomy on her left side. 

On exposure of the arytenoid cartilage it was noted that the car- 
tilage was ver>’ large and after it was delivered the left cord fell away 
from the median line, giving the patient sufficient oii^vay without fixa- 
tion suture. However, in view of the fact that this patient had been 
operated upon on nvo previous occasions for the relief of her paralysis, 
I was hesitant about not putting in a fixation suture although it pro- 
vided more separation of the cords than I deemed necessary. There 
IS no question of the success of this last operation from the standpoint 
of an airway, and I am happy to report she has a good voice. 

There are uvo more problems W’hich are worth mentioning at this 
Ume. One is the question of primary healing. The other concerns the 
injection of the intratracheal tissue. 

Primary Healing.— I noticed that in two of our elderly patients the 
not heal readily. In one the wound broke down and sev- 
eral bits of canilage were extruded. The wound healed wdth an ugly 
scar although the result svas very satisfactory. In this particular case 
than usual in doing thh operation and several times I 
could feel the heat of the nvo lights we were using through my rubber 
g o\es but thought nothing about it. However, when in a second case 
o an elderly person who should have made an uneventful recovery 
th^^V with healing, I began to realize that the heat from 

j were using xvas drying out and devitalizing the tissues 

^ r ese old people and preventing primary’ repair. I have now changed 
■'ve use one light until the thyroid cartilage is ex- 
PC5e sna from there on the operation proceeds w’ith the reflected 
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i/ght of a head mirror We ha\e had no breaking down of wounds in 
elderly people since making this change 

Care fa be Erercised «4ren fn]ecfing Infrafracheal Tissues -When 
doing this operation under local anesthesia and injecting the mtra 
tracheal tissues through the windon made in the thyroid cartilage 
care must be taken not to inject too much solution If the tissues are 
flooded, It IS more difficult to locate and extract the atyfenoid car 
tilage and, in separating the cords, too much separation may be pres 
ent when the fluid his been absorbed and the tissues return to norma! 

SUMMARY OF TECHNIC OF ARYTENOIDECTOMY AS PERFORMED AT PRESENT 

A horizontal incision is made near the low er border of the thyroid 
cartilage, cYtending from the median line of the neck to the anterior 
border of the sternocleidomastoid muscle The skm, the platysma 
m> oides muscle and the pretracheal fascis are cut and the pretracheal 
muscles exposed The sternothyroid, sternohyoid and superior belly 
of the omohyoid muscles are separated, clamped and cue after the 
method of a thyroidectomy This exposes the thyrohyoid muscle and 
the xving of the thyroid cartilage The thvrohyoid muscle is cut and 
elevated, and a window is made m the lower posterior third of the 
thyroid camlage below the level of the thyroid notch, with its an 
tenor border limited by a line separating the middle and postenor 
infenor thirds of the cartilage The window is made by cutting with 
a sharp-pointed knife through the external penehondnum and the 
thyroid cartilage, and the cartilage is removed with a curette or a 
small fiat-nosed rongeur The size of the window vanes with the size 
of the larynx A large larynx usually has a large arytenoid cartilage 
and a small larynx a small arytenoid cartilage However, a window 
% inch square is sufficient and not too large m the ordinary case 

The remov al of the cartilage brings into view the internal penchon 
drium of the thyroid cartilage, which overlies the musculature cover 
mg the arytenoid cartilage, together with a small branch of the supe 
nor thyroid artery and some small veins This perichondrium is m 
cised with 1 sharp knife or small scissors and removed The small 
branch of the superior thyroid airety is located at about the middle 
of the upper border of the window This may be clamped with 3 
small mosquito forceps, but pressure and the application of adrenain 
usually suffice By careful dissection with a pair of sharp pointe 
medium-sized scissors through the fibers of the thyroarytenoideus an 
the cncoatytenoideus laterahs muscles, the ary tenoid cartilage and 
cricoarytenoid articulation are exposed The capsule of this , 

tion is severed with the scissors and the ary tenoid cartilage turn 
from Its articulation With the aid of hooks the arytenoid carcilag 
lifted and freed of its remaining attachments by careful scissor 
section The mucous membrane covenng the vocal process o 
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ar>tenoid is usua!l> the most adherent and the last tissue to be sepa- 
rated This area represents the posterior limit of the cord which ma\ 
be identified by a white line abo\ e the muscle tissue It is at this point 
that nonabsorbable suture such as vitallium wire is paced with a fine 
ophthalmic needle, and with the aid of the bronchoscopist the cord 
is pulled awav from the median line of the laonv and the suture 
placed through the cartilage and external penchondnum 
Another suture m> be placed through the mucous membrane and 
the muscle tissue just below the cord and fastened through the fibers 
of the thyrohyoid muscle after it has been replaced The pretracheal 
muscles are sutured together with chromic catgut No 1 or No 2, 
using mattress sutures The platjsma m\oidcs muscle and the skin 
may be brought together with intemipted sutures of silk or Deknatal, 
or the platysma and the pretracheal fascia ma\ be closed together with 
chromic gut and clips used on the skm It is good siirgerv to place a 
Cigarette dram under the pretracheal muscles and leave it m place 
about fiv e da>'s 

The operation ma> be performed on either side of the Iar> nx It is 
best to operate on the side on which the cord is most fixed If both 
cords are equallj immobile the right side is selected 
General or local anesthesia mav be used If local anesthesia is 
selected, the usual preoperative medication is given The amount and 
strength of the novocain solution used may be varied with the experi- 
ence of the operator Part of the novocain solution used may con 
tain some adrenalin to help control superficial bleeding Deep injec- 
tions must be made about the side of the l3r>n\ and the h\po 
pharyngeal space as m a lar> ngectom> 

General anesthesia is given through the tracheotomy tube If the 
patient is not wearing a tracheotomy tube, a tracheotomy should be 
^rformed under local anesthesia before starting the general anesthesia 
■the operative field is separated from the field of anesthesia bv a 
sterile sheet sewn or clamped to the skin of the neck below the line 
of incision In cases m which general anesthesia is given, an intra- 
tracheal tube (Flagg) mav be used to fix the arjtenoid cartilage, but 
t IS IS not necessary and, if it is used, more care must be exercised to 
injury and rupture of the intralarj ngeal mucous membrane 
The patients are not decannulaled until thev can keep the trache 
otomv tube corked dav and mght for three or four days and perform 
ordinary exertions without discomfort 


CONCLUSIONS 

fo^ operation is the best or the only operation 

larv of bilateral par3l>sis of the abductor muscles of the 

^ had fifty-four patients up to the present time oper- 

upon bv Various operators with fortj -seven decannulations. 
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THE SURGICAL TREATMENT OF CHRONIC 
CONSTRICTIVE PERICARDITIS 


George J Hfucr, iM D , LL D • 

A^D 

Harold J Stea\ art, iM D , T A C P t 

CuROMc constnctne pericarditis is a disease characterized bv a 
chronic fibrous thickening of the pericardium A\hich is so contneted 
as to interfere Avith the normal diastolic filling and s\stolic empt\ing 
of the heart The result of this interference a\ ith normal cardiac 
action are the signs and s\ mptoms resembling heart failure Pick, m 
1896, emphasized the common findings in this disease of imoUement 
of the liver and ascites and, therefore, it is often called In his name 


HISTORICAL NOTE ^ 

From a historic Mcwpoinr, howeter, the condition wis accurateh 
described long before Pick’s publication Galen, about ad 160, is said 
CO have observed a scirrhous thickening of the pericardium m i^.cock 
and suggested that the same condition might occur m man and inter- 
fere with proper cardiac function Lower, houc\cr, in 1669, appears 
to ha\e been the first to desenbe the disease m man He pointed out 
that in large pericardial effusions the mass of fluid “oppresses” the 
compresses its walls and presents them from dilating 
s^ciently to reccne blood, that under these conditions the pulse 
ecomes small and finally is suppressed, resulting m S) ncope and death 
c citM the histor) of a London housewife aged 30 >ears who o\er 
a period of years declined m health with d>spnea, prccordnl discom- 
ott, weakness, and small intermittent pulse The only important post- 
mortem finding was a thick, opaque, and even “callous” pericardium 
ense y adherent to the heart In 1729, Lancisi added to the clinical 
picture of the disease by citing the case of a man aged 24 with small 
engorgement of the jugular veins, and swelling of the 
omen At autopsj a small heart surrounded bv a thickened, ad- 
was found Moigagni, in 1761, reported seven 
ses o the disease, in one of which at postmortem the heart was “so 
confined thar it could not receiv c a proper quantitv’ 
P^ss on ” But th is author also noted that adherent pen- 
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canlnim need not necessarily be associated with svmptoms and signs, 
an observation uhich may h8\c distracted the attention of the med 
ical profession from the importance of the disease, for Jitrle inennon 
IS made of it for o\er one hundred jears even bj such v\ei! known 
clinicians as Corvisart, Laennec and Skoda 
During the first half of the nineteenth century two German phjsi 
dins, Gmsmgcr and Kusstmul, and nio English physicians, Oicvers 
and Wilks, made important observations upon the disease, but these, 
for some unknown reason, entirely escaped notice It remained for 
Pick, m 1896, to stimulate interest in a disease which for so imn\ 
y care hid been singn/ariy m^Iected He reported three cases and dis 
cussed in particular the diffcrcnml diagnosis between constrictn e pen 
carditis and primary cirrhosis of the fiver The interest he aroused 
in this condition has contmiicd to the present day 
The idea that surgery might achieve results m a disease which has 
resisted the efforts of the phvsicun is attributed to WeiU, who m I89J 
suggested that patients with it might be relieved bv resection of the 
peracirdium Delorme, an internist w ho seems to hav e had unusual sur 
gical instincts and whose name is widely known in connection with 
the opcntion of decortication of the Jung for chronic empvcma not 
only suggested bur insisted between the years lB9f and 1898 that sur 
get> be attempted m this disease His advice, however was not im 
mcdntely followed Henie in 1907 first attempted the operation, and 
in 1913 kchn and SaucrbnicJi per/onned resection of the pericardium 
for chronic constrictive pericardiris, the former successfully 
Schmieden folJowcd their lead in /9J8, and sjnee that time interest m 
the diagnosis of the disease and J»now ledge regarding its surgical treat 
menr gradualh has become more general In this country, ChurchiS! 
was the first to perform the operation, and he and White in Boston 
Beck and h/s assocuccs m Cleveland Harnngton in Rochester, and 
Bwrwcll and Blalock m NishviJIc hive shown particular interest in 
and made important contributions to our understanding of this disease 

SAll£Nr f£ATUR£S OF CHRONIC CONSTRUCTIVE PERICARDITIS 
It IS not our purpose to go deepfv into the cause, pathology, cliiucai 
manifestations and diagnosis of chis disease But we are sure it fre- 
quently IS overlooked and, therefore, some remarks regarding iR 
salient features are pcr/iaps warranted The cause of the chickened 
adherent pencardnim lias been related to tubcrcjilosis m one out o 
eighteen proved cases in our CTpenence, m five out of rhiny-ssyn 
cases in White and Churchills experience, and in fwenrv-two o 
twenty eight cases in BunvcH ind Blalock’s experience Pneumons^ 
sepsis, a previous pericarditis with effusion as in five of our cases, a 
hive apparently been causame factors, yet m most of the 
cases the antecedent ciuse of the condition his not been detenmn 
The pathologic process m the wall of the pericirdium gives rise 
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sariet) of lesions The pericardium is ai\\a\s thickened, but the thick 
emng ma> be \anable m different parts, being slight in some areas, 
marked in others The thickened pericardium ma\ be made up wholU 
of fibrous tissue or deposits of calcium nn\ occur, gi\ing rise to 
plaques, sheets or a complete bon\ shell It mi\ be slightK adherent 
to the heart or so denseU adherent and fused that a c!ca\age plane 
between the heart and its co\enng cannot be demonstrated The con 
traction of the thickened pencarduim maj implicate the entire heart 
or chieflj the right \entncle or the great \cssels at the base It is the 
compression of the heart b> us shrunken em elope that gi\ es rise to 
the chnical manifestations of the disease 


These chmeal Viamfextatwjis commonly are dv spnea, increase m the 
size of the abdomen due to enlargement of the liver and ascites, and 
edema of the feet, and ankles Either ma\ be the sj mptoms of onset, 
although d)’spnea and enlargement of the abdomen are the most 
frequent Of the ph> sical signs a nontender, nonpulsating enlargement 
of the Incr with ascites and engorgement of the jugular veins arc 
the most important The v cnous pressure is increased The heart 
shadow maj be small, average, size, but most frequcntlv shghtlv or 
modcratelv enlarged The cardiac rhvthm is usuallv normal (fourteen 
cases) but there mav be auncular fiibnUation (four cases) Abnormal 
cardiac sounds, such as murmurs, arc absent m the majont) of cases 
but there ma) be a S) stolic murmur The blood and pulse pressures 
are low or ma> come within normal limits In one of our senes the 
disease was superimposed on a preetisang h> pertcnsion The parado'^ic 
pulse was present m all our cases Fluoroscopic examination of the 
r ^ diminution in cardiac motion and there mav be fixation 

of the heart in the mediastinum and tugging on the diaphragm and 
^ film may demonstrate a heart encased m a calcified pen 
rardium Electrocardiographic studies usuallv show abnormal records 
The QRS complexes have shown a low voltage in seventeen panents 
3na either a low voltage or inversion or flattening of the T waves of 
t e coronarj t>pe The electrical axis shifts onlv shghtlv with change 
in the patient’s position, the axis deviation was present to the nght in 
patients, to the left m tvv o, and normal in ten 
n the senes of eighteen cases here reported enlargement of the Uver 
occurred m all cases, ascites in fifteen, edema of the extremities in 
and pleural effusion in eight D> spnea on exertion or at rest 
present in suxteen and cyanosis in fourteen Distention of the 
peripheral veins and an increase m venous pressure was present in all 
or patients With these findings it is apparent that the diagnosis of 
pencarditis should be considered m patients with 
Signs of congestiv e heart failure, in the absence of the common 
of this condition 

_L Studies of the circulation earned out upon nine patients with 

oic constrictive pencardms b> one of us (H J S) have added 
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On the otJicr hand, the respiration remamed regular adequate ard 
unaccompanied bj cjanosis \%Tulc our experience is as yet too Jun 
ited to compare different methods of anesthesia in the operation of 
pericardiccrom> , it can be said that cther“has been highly sabs/actor} 
in no case did \\ e have the shghresc anner> regarding this pact of the 
procedure While wc did not use intratracheal anesthesia m se\eti of 
out cases and our patients failed jg suffer an\_ill effect s_from the ac ct 
dental Benins' of the pleura wc are inclined to thini that intra*^ 
rracFeal anesthesia is desirable Our experience would indicate that in 
spire of the greatest care the left pleura in particular is likely to be 
opened in exposing the pericardium for resection, and that the open 
ing might be surticicntl} large to cause rcspinitorj embarrassment 
Approach fo and Exposure of Ihe Heart —A greater part of the \en 
rml surface of the heart ma> be exposed b^ an approach upon the 
left side of the thorax and therefore at the primary operation a skin 
muscle «ap is reflected upon this side The position and extent of 
the flap mav be determined bj the position of the heart with refer 
cnce to the ox erlj mg costa! cartilages and nbs as determined b> the 
X ra> film We haxc found it desirable to expose the heart from its 
base to Its apex therefore it ma) be necessary to resect indu 
snclj the second to fifth the third ro sixth or the second to smh 
costal cartilages and segments of the corresponding ribs The skin 
muscle flap ts'tormed bj incisions which oierlie respecruclj the 
uppermost and lowcrnioxe costal cartilages to be resected and which 
Care connected b> a xcrtical incision corresponding with the niid 
sternal line The ma(or pectoral muscle is freed from the sternum and 
^ ribs and reflected Jafcmll} inch the skm flap The costal camlages and 
^segments the corresponding yibs^rc resected Thus far we haxe 
< done a subpcrichondnal and subperiosteal resection and have preserved 
^ the mtcrcostaf muscles xvhich arc divided at the'^lcft border of the 
sternum and together with the perichondrium and periosteum ate re- 
flected as in "Additional flap The dissection is tlien carned^own to 
the pericardium along the Jefr stemil border and the fat^nd com 
j- ncctiv c tissue overl) ing it arc cirefully freed and stripped bteraiU 
-^carrying with them the reflection of the left pleura It is dunng the 
fon.typ of this maneuver that the left pleura ina\ be torn and there 
fore it should be earned out ^owlv and carcfullj The pericardium 
IS freed to the left lateral border of the hew from the apex to the 
base in the course of vvhich the phrenic nene mav be brought into 
view Haring exposed 'the left pericardami i similar procedur^ 
earned out over the right^ide of the heart ind to its right border 
In doing so the heart tr^epressed so as to create a space betwwn i 
and the sternum sufficient to allow the subsequent resecnon oi c 
pericardium In '^sev enteen of the eighteen cases subjected to pc« 
cardicctomy it was possible to resect the pericardium oxer the n 
side of the heart withour«fcsecting anv portion of the sternum 
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one case the resection of the left half of the sternum seemed necessar) 
m order to obtain adequate exposure 
In mo*&ases, thus far, we ha\e performed a sccond“6peration upon 
the nght side in order to free a greater part of the right heart One 
patient, markedl> improied but not entirely well fi\e jears after his 
primary operation, was subjected to a second operation and his right 
\enmcle and auricle were complctelj freed He seems to be well, for 
all S)mptoms and signs present before the second operation ha\e since 
disappeared and his cletated \enous pressure and delajcd circulation 
time hate returned to normal He is able to work without medication 
hut complete recession of the liter under the costal margin has not 
taken place The other patient had the second operation approximate!) 
eight years after the first She is grcatl) iniprot ed since the resection 
on the right side In each of these two, subjected to two operations, 
the resection w as extended antenorl) to the ridge of pericardium w here 
the first resection ended Both patients withstood the second operatne 
procedure satisfactoril) and arc now two and one \ear, respcctnel), 
postoperatne 

Reseciion of fhe Pericardium —It has been our practice after'^full) 
e\posing the pericardium to incise it o\cr the left’ll entncle and dc\otc 
such time’^is ma) be nccessac) m establishing the most satisfactory 
cleavage plane benveen it and the heart muscle In some cases a satis 
factory cleavage plane is at once evident and the mobilization of the 
pericardium may be proceeded with at once Again, there mi) appear 
to be complete fusion between pericardium and mvocardmm, making 
the dissection of the pericardium a time consuming matter In some 
cases the pericardium is thickened and fibrous but not calcified, in 
other cases it is almost a complete-^ony shell, m still others it is a 
fibrous membrane containing areas or plaques of calafication of vari- 
ous sizes and distribution Calcified areas mav be present o\ er the right 
ventricle but not over the left, nn> occur chiefi) about the apex and 
diaphragmatic border of the heart, or ma) surround the great v essels 
at the base They ma) be easi!) separated from the heart muscle or 
may extend into and involve the heart muscle It is evident from these 
considerations that the resection of the pericardium ma) not be too 
difficult, or It may be extremelv difficult and dangerous 
It has seemed best to us to dissect the pericardium off of the left' 
ventricle first because there is less^ikelihood of tearing into the left 
than the right ventricle^ starting the mobihzation of the pericardium 
and less danger of o\ erdilatation of the left than the right side of the 
1 mobilization is earned laterall) so as to free-4he apex and 

kif^order of the heart upward to the^iase of the heart, and down- 
ward to the*^iaphragm A region where particular care is necessarv 
IS the mterventricuhr'^roove contiinmg the descending branch of the 
eit coronar) aner) It is here that adhesions between pericardium 
an ni) ocardium ma) be particular!) /dense and it is possible, as in 
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one case m our expervence, that a part of the artery^may be dissected 
out of Its bed with the pericardium, the division of which might sen 
oiisl> interfere uith the heart Having safely crossed the mterventritu 
lar grooic, the mobilization is carried out over the right side of the 
heart, to the right, if possible, to the right»^uncular ventricular groove, 
upward to the base of the heart, and downward to the diaphragm 
It has seemed easiest to us to resect the pericardium in fragments, but 
we have always earned the line of separation between pericardium 
and mjocarduim well ahead of the cut edge of the pencardium in 
order to mavntam^a flap which we could bnng against and suture to 
the heart muscle if the latter were inadvertently torn We have also 
It times abandoned the attempt to separate a'^laque of calcification or 
a particularlv adherent piece of pericardium from the heart, thinlcing 
It better to leave it as a patch on the muscle than to risk, injury to 
heart muscle m attempting to remove it 
How'^nuch of the pcncardnini it is ncccssar) to remove m order to 
achieve satisfactor> results is difficult to state We have removed as 
completcl) as possible the pericardium over the left and right ven 
tncle, but in only one recent case have we atrempted to remove the 
adherent pericardium over the nirriclcs An effort has been made to 
free the apex, and if possible the dissection is carried well down on 
the diaphragmatic portion of the pericardium Only one attempt has 
been made to go beyond the right aunculo-ventncular groove and 
we have not attempted to free extensively the greaAessels at the base 
Not onI> ma> the deconication of the henrr be, of itself, a tedious 
and dangerous procedure, bur is made more so because of the neces* 
sity of operating upon an organ in constant^motion, and one very 
sensitive^to external stimuli In thirteen of the eighteen patients sub 
jeeted to operation, the heart bear, as counted at the wrist, varied 
between 100 and IdO and in all cases was over 130 during the greater 
period of the operation In some cases there were periods of par- 
oxysmaKtachycardia, m others ventricular ^fibrillation (EKG), in 
still others such complete loss of rhythm that the cardiac action could 
be described only as complcte'arrhythniia Periods of transient stop- 
page of the heart occurred not infrequently, and m the majority of 
cases the dilatation/of the right ventricle and its herniation through 
the pericardial defect added to the difficulties of the procedure The 
manipulations nccessar) m the mobilization and removal of the pen 
cardium certainly play a role in the irregularity of car^c action 
All the circumstances tend to urge the surgeon to hurryand nnis 
the operation but it is a tendency to be resisted It has seemed to us 
wise to pausc^eriodically m the course of the operation in order to 
allow the heart to regain a more normal rhythm and function 
That great care in the operative procedure is of importance 
success of the surgical treatment of chronic constrictive pericar 1 1 
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IS CMdcnt from the literature As prc\iously noted, m the 256 cases 
which we have assembled, se\enty-four patients, or 29 per cent of 
the entire number, died upon the operating table or during the post- 
operative period A stud> of such data regarding the causes4)f death 
as are available shows that mjury'to the heart during operation, w ound 
or other complications, and acute'tardiac failure accounted for a high 
percentage of the deaths There appears to be little doubt that care in 
avoiding injury to the heart, gentle manipulation of the heart, and 
meticulous attention to detail m operative technic are important fac 
tors in lowering the mortality. 

Closure— In the twenty operations on eighteen patients, bleeding 
has been controlled as perfectly as possible and closure of the large 
wound has been with Silk and w'ithouc4Jrainage In nineteen instances 
healing of the wound has been per primam, m one case a hematoma 
developed in the lower pare of the wound, followed by a localized 
superficial infection which did not jeopardize the wound as a whole 
In this case there also occurred a moderate-sized left hemothorax— com- 
plications resulting from imperfect hemostasis In the closure of the 
wound we have retained all the layers reflected, first<'siitunng the 
mtercostd muscle and posterior perichondrium at the sternal border, 
then the major pectoral muscle and flnall) the subcutaneousdaycr and 
skin Sc hmied en not only resects complctelv the bony thoracic wall 
but excises the major pectoral muscle, using only4he skin and sub 
cutaneous tissues to cover the heart C hurchi ll resects the bony 
thoracic wall but retains ♦^he pectoral muscle Both surgeons think 
a mobile thoracic wall over the decorticated heart is desirable Our 
experience thus far in cases followed over nine years, indicates that 
the reformation of a rigid thoracic wall is not incompatible with 
satisfactory results. 

Postoperative Treatment.- Following operation thirteen of the eight- 
een patients had a surprisingly^smooth and satisfactory postoperative 
course and their convalescence was practically umnterrupted In slx 
we immediate postoperative course was complicated by pulmonary 
or intrathoracic co mplicat ions such as pneumonia, pneumothorax and 
serosanguineous effifsions These slx patients were ill after operation 
ut^t no time dangerously ill In four of the six patients one or more 
^nations of the chest were performed for pneumothorax or pleural 
oxygen'^tent was used postoperatively following eleven 
th operations either because of a mild cyanosis or because 

e pleura had been opened during operation At some period duni^ 
onvalescence some accumulation of fluid in the chest, either a simple 
asn^ ^^^^^ttgumeous effusion, was noted m'lfifteen instances, for w hich 
cu performed m seven cases Some degree of fever oc- 

eighteen of the twenty operations Because of signs sug- 
S parenchymal involvement of the lung, the sulfa drugs were 
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used in tliree patients and penicillin in rwo Fluids were given bj 
clysis after operanon m fourteen patients, not given m four In/one 
patient only a small blood transfusion'of 500 cc w-as given 
We hate avoided^ntravenous fluids because of the fear of embar 
rassing the newly released heart by too rapidly increasing the blood 
tolunie In general the diet and salt^nd fluid intake prescribed before 
operation uere continued for a ume after operation Diifretics were 
used after operation m fifteen patients and not required m five The 
positiorr'in bed m as according to the comfort of the patient A slight 
elevation of the patient seemed the most comfortable 
Improvement m the signs and s> mptoms of the disease has, in our 
experience, varied considerablj In seven patients improvement vus 
evident at once or before the expiration of a month, improv ement in 
two did nor become pronounced until after the lapse of two or three 
months, m fiv e not until after six to ten months and in one not unul 
after one jear In two improvement was gradual, in three improve 
ment failed to occur We have learned not to be discouraged 
improvement after operation is not evident at once and rapid 
Resulh to Date -'As previousl> noted, eighteen patients have been 
subjected to tvvent) operations without a postoperative fatabty Of 
these ^ 

Z Eightpatiencs arc classified bv us as cured over penods varying 
from two to ten years One of these patients, after being completel) 
cured for three and a half years, died from an unrelated acute gen 
eralized^pentonitis 

2 Six patients are markedlv 'improved over penods of from two 
to SIX and a half years Two of these patients were subjected to second 
operations, which resulted m further improvement m these two cascs> 
All these patients returned to gainful occupation or to housework 
One of these patients died six and a half years after operation from 
pneuhionia 

3 One patient vus moderatelv improved after operation but re 
quired the continued use of'^ercurials He died suddenly seven >eais 
after operation Postmortem was not done 

4 Three patients were noffmproved by the operation One patient 
died one year after operation from recurrent pulmonary 

and two died eleven months and seven months, respeewAy, •’.“''A''' 
operation from a progression of the disease In the last ^ 
fairly evident on their return visits that the operation had faile 


Its purpose 

5 Only one of the four patients in whom the cardiac , 

auricular fibrillation, was cured by operation, although the o 
three were improved Reversion to normal rhythm did not occur 
the continued use of digitalis was required m them to keep t e ve 
tncular rate slow One patient who was cured for tight 
crushed against a motor truck Following this he developed 
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heart failure and it was found that auricular fibrillation with a rapid 
\entricular rate was present, the rhythm having been regular when 
seen at his last follow-up \isit before this accident With the admin- 
istration of digitalis, heart failure disappeared and remains under 
control when the patient takes maintenance amounts of digitalis 
To have cured or markedly improtcd fourteen of eighteen patients 
subjected to operation (77 per cent) is evidence that surgery has 
contributed importantly to the therapeutics of a disease which com- 
mon!) causes death 
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THE PROBLEM OF PAROTID TUMORS 


CoiONEL John C Burch 
AND 

Lt Colonel Herbert C Fisher 
Medical Corps Arm\ or the United States 
Be-hveen June, 1943 and Jinuar>, 1945, nvelve patients with par- 
otid tumors were admitted to the Brooke General Hospital In the 
group there were four mixed tumors, five recurrent mixed tumors 
and three recurrent carcinomas Eight of the twelve patients there- 
fore, exhibited recurrences of their tumors The first operation was 
performed cither m civilian life or at another military installation 
The average duration of time between the last operation and their 
admission was six and a half months The longest interval was thirtv 
months and the shortest fifteen da>s In most cases the histones sug 
gested the primary operation was for the removal of a small tumor 
of no consequence The primar> incision was usuall> located directlv 
over the tumor and averaged about 1 inch in length In some m 
stances it was clear that a parotid tumor had not been suspected and 
that when such was found the tumor was incompletely removed for 
biopsy and the operation terminated Study of these cases indicates 
a more accurate diagnosis and a more radical operation would have 
obviated most of these recurrences 
Diagnosis —The diagnosis of parotid tumor should not be difficult 
tumors— cspeciall) those m the cervical portion of the 
gland— are erroneously diagnosed as enlarged lymph nodes A parotid 
^mor should be suspected in any enlargement w ithm a radius of 
5 cm of the angle of the jaw AlLxed tumors usually make their 
iPP^^J^nce early m the third decade while carcinomas appear in the 
tn decade Most of the cases in this senes were exceptions to the 
a ove rule The average preoperativc duration of mixed tumors is 
ve to eight years and of carcinomas, three to five years The tumor 
ay vary in size and consistenc> Mobilit> , to some degree, is usually 
present Fixation is suggestive of malignancy Sialograms may be of 
of^mahg ^ relating the tumor to the parotid and m the diagnosis 

Recurrence after Treatment— Under certain circumstances mixed 
parotid can be treated with a remarkably low rate of 

Duren^ have reported a recurrence rate of 8 7 per 

surgical excision, Swinton and Warren "43 per cent, and 

Surgical Service of BrooLe General Hospital Fort Sam Houston 
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Stem and Gcschichter,* 12 8 per cent Yet the over-all recurrence rate 
as guen b> various other authors is considerably higher (see table) 
TJie difference may be atmbutable to the adequacy of the swgjcai 
removal Recurrences are usuall) attributed to (1) a multicentnc 
ongm, (,2) tumor foci m the capsule, (3) de novo occurrence or 
(4) incomplete opention 


0\ ER-ALL RECUUBtNCE RATES VtTt R SOKf IC.t! EXCISION 


\\ ood< 

Benedict and 
bisirunt.* 

Stem and Gcschicter’ 
Stem and Gcscfiictcr* 
Stem and Gcschictcr* 

Singleton and Duren* 
Swinton and Warren" 
Mcfariand* 

Baic> ® 


Per cent 
}0 
n 
18 

100 After curettage 

S7 After cnudeatwi 

1 J After rcmo\ al " itK 
cuff of normal tissee 
J. 

176 
23 2 
23 6 


Choice of Operative Procedure —The common operative procedure 
IS enucleation In order to obviate danger to the facial nerve Hybmctte 
recommended enucleating the tumor and then with a sharp scalpel 
dissecting the entire capsule from the parotid Numerous solutions 
such as alcohol, zinc chloride and Harrington’s solution arc used 
to flood the field for the puiposc of chemically destrojing any « 
maming tumor tissue All admit the desirability of removing th« 
capsule and a cuff of surrounding gland, >et most condemn the 
method on account of the danger of injuij ro the facial nerve HoR’ 
ever, Singleton and Duren consider that preservation of the facia) 
nerve is of sccondarv importance to cure and radically excise the mass 
with a caufcr) Their percentage of facial nerve mpines is high but 
the effectiveness of their method is attested b> a low rate of re 
currence 

Other surgeons,® have demonstrated that the tumor cart be 
radically removed yet the facial nerve preserved In fact, ffailey’' ana 
Adson and have devised radical operations for the complete 

removal of the parotid with preservation of the facial Bcrve 

Si&trunk® isolated the mframandibular branch and traced it bac^® 
the main trunk of the facia! nerve Adson and Occ^“ have CTten e 
Sistrunk's operation to malignant tumors Their excellent jllustraticms 
give a very clear Understanding of the anatomy of the facial 
‘ It IS surprising to learn that the facial nerve penetrates the Jo'v 
lobe of the parotid only for a distance of approvimatejy 2 cm, a 
which the non e lies underneith on the muscles of the face 
point, the parotid, together with the skin, may be elevated ea S 
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the peripheral branches as the> lie undisturbed on the facial muscles ” 
Jancs^^ isolates the nerve at the stylomastoid foramen and traces it 
forward Both methods ha\e been used m our cases and we find the 
method of Sistrunk and Adson easier Howeaer, with greater familiar- 
it) With the Janes method, the dissection might be less difficult 
Technic of Radical Excision (Blair and Byars) —A very satisfactor> 
technic is that described by Blair and ars The skm incision must 
be adequate (Fig 236). It starts at a point one third of the distance 
bemeen the external auditory meatus and the lateral border of the 
orbit, running back to the point just m front of the meatus It then 



I ig ’^6 —Incision, relationship to 4 >goma and mandible 

follows the Lunc of the ear back and behind the lobe of the ear. 

ence downward along the anterior border of the stemomastoid to 
3 point at about one fingerbreadth below'- the angle of the jaw, curaing 
^oniard and parallel to the body of the mandible for a distance of 
/- inches (Fig 236) This incision gives ample exposure and does not 
scar (Figs 237 and 238) 

b dissected forward, scrupulous care being exercised 

to hemostasis The inframandibular branch of the facial nerve crosses 
H M ^ parallel below the bod> of the 

^ an ible to the region of the faaal artery, where it curves to in- 
tvate the lower angle of the mouth It can be picked up at an\ con- 



492 


JOHN C BI/RCil, HERBERT C FISHER 


venient point along its course antenor to the panoid by gently spread 
mg the tissues with a hemostat TTie use of a nerve stimulator is at 
times helpful m indicating the approximare region m u hich to begin the 
dissection 

The nerve is then carefully dissected until the mam trunk is reached 
This is often tedious and time consuming but ^vas successfullj accom 
plishcd m each of the tv. else cases Some trauma to the ner\e is in 
evitable and a transitor) par3l>sis of the lower lip is quite common. 

When the branches of the nerve are identified the parotid n tuttied 
forward and the nerve branches arc traced on the masseter muscle 


Fig 2J7— Scat one month after excision of niLxed tumor of piroud gjand Fac 
nerve is intact 

Tig 238— Facial nerve intact no disfigurement 

until they disappear under the antenor edge of the parotid Then the 
tumor \v ith a generous portion of surrounding gland can be 

en masse (Fig 239) Ducts are ligated as they arc cut across ball ^ 

fistulas are uncommon None occurred m this senes The 
the gland separated from the roam duct system do« not un 
cjsnc degeneration In some instances the rumor may be so re ^ - 
the nerve that a major branch must be sacnficed in order o 
a complete removal This has not been necessary in 
removal, the tumor is submitted to the Pathologist and i ca 
IS found the surgeon must reconsider his position and e/fec 
of the remaining portion of the parotid 
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The removal of the anterior attachments of the gland and any 
rcmaimng portion is eas> In order to rcmo\e the deep lobe the facial 
nerve is ele\'\ted The lobe can then be dissected free from the great 
\essels and the wall of the pharynx Elc\ation of the lobe of the car 
and section of a few of the anterior fibers of the stemomastoid aid 
in the exposure Bailey'^ recommends a prclimimrj' ligation of the 
external carotid In certain instances it may be necessarj to sacrifice 
the nerve and to radically dissect the neck The prognosis in carci- 
noma of the parotid is sufficient justification for a more radical 
approach At the conclusion of the dissection the wound is flooded 
uith saline Hemostasis is secured and the flap sutured in place with 


IVrotid Tissue 



Fig 239 —The tumor and a generous poroon of surrounding normal ghnd are 
removed 

interrupted sutures The dressing is of the pressure type The cos 
^^^^^®sult IS uniformly excellent 
Radiahon Therapy —The value of radiation therapy of parotid tumors 
controversial subject Vanability m the classification of these 
V a comparison between mduidual senes of questionable 

Ir surgical removal has offered the best chance for cure 

irif^ therapy should be considered as a palliative substitute for 
that^ rf ^-'^cision in the group as a whole Ahlbohm^^ emphasizes 
plicatmm ^^®rapy is occasionally associated with serious com- 

In operable tumors that are excised completely^ there is no definite 
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evidence that immediate postopetauve radiation contributes to an im 
protement m clinical results There are, however, many reponed 
eases of clinical improvement following radiation to inoperable or 
intompfetcly remo>ed tumors (Levm** Furstenberg^ AWbohm,'’ 
Lederman^* and New*’) 

Inoperable tumors slmiild be irradiated b> the roentgen raj or the 
implantation of radium seeds into the tumor Such treatment maj then 
result m the reduction of the size of the tumor, making some type of 
surgical procedure more feasible Irradiation of incompletely removed 
tumors IS indicated postopewovd^ or hj the implanuffon of rsdon 
seeds into the remaining tumor at the time of operation 


summary 


J Tuchc eases of parotid tumor are reviewed, the importance of 
correct diagnosis and adequate pnmarv surgical excision is stressed 

2 Radical cYCision of rumors of the parotid gland with presena 
non of the facial nerve is cnipliasizcd as the treatment of choice 

3 Radiation therapy should be used as a palliative substitute for m 
complete surgical excision 
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CONCERNING AMPUTATIONS 

Harry L Mock, MD, F ACS* 

The re\iew of numerous articles concerning amputitions, published 
since 1942, made necessar> m the preparation of this piper, more 
than compensates for the effort expended As chairman of the Ampu- 
tation Committee of the Council on Ph\ steal Medicine of T he Ameri- 
can Medical Association, the author has felt considcnble pride in the 
Handbook on Amputations, published m 1942 b> the Association How- 
ever, due to the influence of war certain of the concepts expressed m 
the Handbook must be revised and others maj be questioned but on 
the whole it furnishes an excellent summary of our present di> knowl- 
edge and practices in amputations 

Amputations are made necessary because of trauma, which leads 
all other causes, disease, such as thromboangiitis obliterans, arterio- 
sclerotic gangrene, with or without diabetes acute arterial occlusions, 
malignant tumors and severe debilitating or life threatening infections, 
acquired or congenital deformities, where amputation offers the pa- 
tient a happier and far more useful life 
In certain of our great medical centers, amputations, cspcciall) 
amputations for circulatory disease and malignant tumors, arc con- 
sidered problems for specialists’ teams Many of our newer concepts 
concermng amputation in these conditions hav c come from these cen 
tets for peripheral circulatory diseases But the great ma)onty of am- 
putations throughout the United States arc still, and will continue to be, 
the problem and responsibility of the general surgeon and in the 
smaller community of the general ph>sician Most of these men do 
excellent amputations from the sui^ical viewpoint Manx either do not 
understand or neglect the physiological principles necessarj to pre- 
pare the stump for a useful prosthesis Many of their patients become 
confirmed cripples during the months the> lie around awaiting the 
shrinkage of the stump, or waiting to make up their minds as to which 
artificial leg to buy 

A sjmpathetic understanding of the ps>cholog> of the patient who 
has lost or is about to lose a part of an extremity, be it ev er so small i 
part, IS the first essential toward gaming his confidence The abilitv 
to inspire the patient with an optimistic view’pomt concerning his fu 
ture, so necessary if his rehabilitation is to be secured, is made easier 
once confidence is gamed 

rrom the Department of Surgery St LaLes Hospital Chicago 
Assoaatc Professor of Surgerj Nonhwestem Universir> Medical School 
Vntor Anendmg Surgeon St Luke s Hospital 
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The psychology of the pattent's fmtdy nwsi bkevvue be considered tspeci^y 
the nearest relauscs They ate crushed because the loved one his sufiered a 
mangled hand or foot While the surgeon is justified m amputating at one of the 
hnoM n Sites of ciceuon, ycc to do so Without first explaining the reason therefor 
IS foolhardy \\ hen the family or even the patient sees how high above ihe in- 
jured part the amputation has been done, a setious psychological shock often 
folIOMs which may destroy confidence in the surgeon, or leave a lasting doubt 
as to whether most of the foot or hand could not have been saved Therefore 
make a practice of ctphintng the nature of the trauma to the patient and ius 
closest rehtivcs, and uhj « is wise to amputate rn the middle of the lower leg 
or m the low cr forearm Oplain the ulcerations and painful stump which ususUv 
follow amputation through or just above the ankle Point out that a proptily 
fitted artificial appliance demands certain sites for amputation Paint a glowing 
picture of future usefulness which the modem prosthesis promises. Finally, in 
the case of the lower leg amputation warn the patient and his faniQy that a 
fairly high percentage of these stumps require rcoperaiions, usually remodeling 
of tiic stump and sometimes e\en rtamputations Securing teamwork on the part 


SITES FOR AMPUTATIONS 


The Handbook on Amputations and numerous article? pubhshed hy 
British authors since 1942 furnish the best up to date mfortnation coa 
ceming the choice of sites for amputations In compiling the Hand 
book, American surgeons for the first time recognized the need of the 
closest cooperation \Mth the maker and fitter of artificial hmbs in the 
selection of these sites The British reports have come largely from 
their limb fitting center at Rochampton wlicre more than 40,000 leg 
amputees have been fitted since World War I Branch centers ana 
certain hospitals have reamputated many stumps m order to meet the 
requirements for the best type of prosthesis Thus, the Bntish su^con 
has long since learned the lesson of close cooperation with the 'am 
ficial limb surgeon ” This idea of tcamvvork. is expressed by Gcoi^ 
Perkins as follows “Skilful hmb manufacturers can fit artificial jiw 5 
to stumps of any length or shape, but they tell us that certain uni s 
look better and function better than other limbs, and that they can 
only fit these good limbs to stumps of a certain length In me 
of amputations surgeons must resign themselves to take orders uo 
the experienced iimb manufacturers ” 

As regards major amputation# through the upper or low 
ties, the British recognize tavo sites of election m the arm ' 

theleg In the latter, one is aboteand one beloiv theknee-the a 

knee” amputation and the “bclow-knec” amputation In the arm^ 

Site IS above the elbow and the other below— the “aboi e elbow 


‘ below-elbow” amputation ,„„i,frre 

The Handbook is an epitome of the opinions of the co 
members as well as the opinions of ts\cnty-five surgeons ^ _ 

artificial limb manufacturers who answered questionnaires c 
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amputations Thus, its conclusions are not as simple as those expressed 
by the British and yet the two are very much m accord 
Below Knee Amputations —The middle third of the leg is the opti- 
mum site for amputations, according to the Handbook In the adult, 
this v.i\\ gi\e a stump varying from benvcen 6 and 7 inches, measured 
from the medial joint surface of the tibia The British arbitrarily 
state that the site of election is S to SVz inches below this joint line 
Cnilian surgeons still persist in making too many of these stumps 
long, 8 to 10 inches The majonty of such stumps are slower in 
healing because of poor circulation, and tend to ulcerate or to become 
painful stumps after the prosthesis is worn for a time This is espe- 
cially true when the amputation is performed through the ankle or 
m the lower third of the leg 

Below knee amputations are the most difficult to perform A fairly 
high percentage of these stumps must be remodeled or rcamputated 
A stump of only 2 inches will remain in the socket of the prosthesis 
and Will give a serviceable leverage Granting that 5 to 5% inches is 
the ideal stump length, the writer prefers a 6 to 7 inch stump for the 
primary amputation, thus allowing for this possibibty of reamputation 
with a loss of 1 or 2 inches of the bone 
In severe traumas of the leg, extending practically to the knee joint, 
the greatest of surgical judgment is required m choosing benveen 
amputation through the low er thigh or a long fight to preserve a part 
of the tibia with or without the fibula Such severe wounds usuallj 
have irregular flaps of skin and fascia which can be molded around the 
short exposed tibia or tibia and flbula m such a way as to almost com 
pletely cover the stump Most of the published articles, especially 
those coming from the Army, condemn skin grafts or pedicled grafts 
to cover defects over the end of the stump We believe this type of 
injury IS an exception The situation should be explained to the 
patient or his family and the possibility of a reamputation above the 
knee pointed out, followed by an effort to preserve a below-knee 
stump even if it is only to 2 inches long The author has had two 
such cases m children where skin grafts were necessary to complete 
the closure of the stump Neither has had more trouble with the 
prosthesis than the average case, and both walk as well as any indi 
vidual with a 5 inch stump A longer socket, allowing weight bearing 
on the ischium rather than completely on the tuberosities of the tibia, 
wiJi protect such stumps As a genera^ rule, skm grafts or pedicled 
should not be employed on stumps but any effort to preserve 
1 ^ inches of the tibia below the knee is warranted All artificial 

onl agree with this statement but one who has had 

stump since childhood is m thorough agreement 
ot and Antle Amputations— All agree that amputations of the 
mpr successful Amputations through the foot as high as the tarso 
^fsal joints, Le Franc's atttpmatwn, are warranted, provided a 
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»iiifncicnt amount of the plantar fascu and sliin can be presened to 
co\cr o\cr the ends of the bones Crushing injuries or localized gan 
grcnc or infection not permitting a proper covering of the bones with 
a plantar flap, es cn though arcubtion is good, should be treated as a 
ticlow knee amputation Amputations through the tarsal bones, ankle 
or just abo\c the ankle usually arc failures Reamputanon is often 
indicated 

The one exception to this rule may be a good Sy7f!e ajnpiiiitw!} 
tlcrc the tibia and fibula are sawed through horizontally 1 inch above 
the ankle joint The posterior flap, containing plantar skin and other 
lajcrs of soft tissue covering the heel, is then brought up over the 
ends of the bones, giving an anterior transverse scar It is interesting 
to note that the majorit> of British authors state that most of the 
prev lously performed Syme amputations hav e been reamputared 5 to 
inches below the knee However, the occasional case will present 
ideal conditions for this amputation and when performed properl>, 
It gives an excellent stump for the working man who must be on 
his feet all day 

Above Knee Ampufahons —‘‘In amputations through the shaft of 
the femur, the rule is to leave as much bone length as possible’ 
(Handbook) ‘The ideal length for an above-knee stump is between 
10 and 12 inches, depending upon the height of the patient’ (Pro 
ccedings of the Royal Society of Medicine) The agreed point of meas 
uremenc is from the top of the greater trochanter to the end of the 
femur Amputations at higher points m the femur, above the mam 
insertion of the adductor magnus muscle, tend to hold the artificial 
leg m a position of abduction because of the unopposed abductor 
muscles Since the mam adductor muscle is attached all along the 
femur, the rule to save as much of this femur as possible is rational 

Dtsarucnlattons of the bip arc indicated only when conditions make 
the loss of the entire femur compulsory Every effort should be made 
to save at least 3 or 4 inches of the femur when high above knee 
amputations become necessary This short stub of the femur, when 
flexed to a right angle, gives two bony prominences, one anteriorjj 
and the other latterly , the greater trochanter, around w hich to mold 
a pelvic socket 

Amptitauom through the knee joint and the Gritfi 
tation arc seldom if ever indicated A conical stump fitted into a 
prosthesis with its knee mechanism m alignment with the normal knee 
IS far better than the prosthesis required for a disarticulation r 
Gntti-Stokes amputation with the patella transplanted to the en o 
the femur, the latter having been sawed through the condyles on 
horizontal plane, so often fails to unite or unices m ^ 
thus discrediting this otherwise excellent amputation Like the y 
Operation, the British surgeons have rcamputaced many such stump 
Rogers, who has had personal experience, advocates a disarticu 
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uith the patelli cut into t!ie form of ^ key so that it fits snuglv 
between and in perfect alignment A\ith the condyles He chmis a 
natural end bearing stump on integument naturalU accustomed to 
weicht bearing The Collander amputation is an excellent opention 
gnmg a stump 12 to 14 inches in length, depending upon the height 
of the patient and affording partial end bearing ^\hen desired If the 
femur is sawed too short, a flabby stump prone to ulcerate or become 
irritated and useless for end bearing may resulr 
As one observes many faulty thigh stumps because of these special 
operations about the knee joint, he can well understand the growing 
tendenev to form a good conical thigh stump by utilizing equal 
anteroposterior flaps of skin and fascia for covering the ends of the 
bone and muscles cut off on the same plane The resulting stump 
allovis the fitting of a stump controlled prosthesis with weight bear 
ing taken on the tuberosity of the ischium 
Below Elbow Amputations —Considerable controversv exists concern 
•ng the site of election m the forearm The British surgeons advocate 
a stump of 7 inches long measured from the tip of the olecranon 
The Handbook states For the application of an appliance cosmetic 
ally resembling a hand the forearm should be amputated at the junc 
tion of the middle and lower thirds” Furthermore, the British reports 
from Roehampton indicate or at least seem to implv that unless 4 
inches of the forearm below the elbow can be sav ed an amputation 
through the site of election m the humerus is indicated 
^otmg people, women and professional men think more of appear 
ance and naturally prefer a good looking prosthesis to an ofttimes 
ugly stump Working men, draftsmen artists and similar technicians 
often prefer a stump that can be of natural assistance to the other 
hand and usually do not wear the prosthesis except for dress up 
purposes Therefore, the author strongly advocates considering each 
individual case m amputations below the elbow rather than making a 
general rule for sites of election When trauma or disease compels the 
OSS of the entire hand and wnst, the 7 inch stump advocated bv the 
ritish IS most ideal from the standpoint of appearance, leverage and 
other functions of the prosthesis 

, '^hen the entire hand is mangled and yet sufficient skin especiallv 
r ^ tbo palm can be saved to cover the carpal bones one should 
ink twice before condemning amputations through the hand In such 
cases the writer always explains the possible advantage of this small 
ook of tissue at the end of the wrist as a useful stump in many types 
° uork An artificial hand with a rather bulky wrist but useless ex 
cept for appearance can be worn A better appearing and more useful 
th°f be supplied if the amputation is performed higher in 

^ However, It IS very questionable if such a prosthesis could 

^qua in usefulness the stub of the hand remaining at the end of the 
stump When opportunity permits the surgeon, patient and ar- 
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tiiicial limb man should carefully weigh these considerations In an 
emergency, we endea\or to save all possible tissue with the idea of 
reamputatjon larer, provided the resultant stump is a failure When 
existing conditions compel amputation within 3 to 4 inches of the 
elbow joint, one must again consider function versus prosthetic ap 
pearance and usefulness FominateJy, the tendinous attachments of the 
muscles controlling clbow-joint function are high on the radius and 
ulna and even a stump of this length will retain flexion and extension 
ability A considerable number of individuals who have had congenital 
amputations just below the elbow get along just as well as the average 
individual, provided they ha\e one useful forearm and hand Such 
individuals rarel> show the least concern over the congcmtally absent 
extremity Turthermore, they rarely wear a prosthesis One must con 
sider these facts before ad\ ocatmg an upper-arm amputation when only 
4 inches of the forearm can be saved 
When amputations of one or all of the fingers or thumb become 
necessary , “save all possible length” is the rule with a few exceptions 
Amputations of the tips of the fingers, even with the loss of an eighth 
or a quarter of an inch of the distal phalanx, requires further loss of 
the bone if an effort js made to secure immediate closure For years 1 
ha\e thoroughly cleansed such a traumatic amputation with a minimum 
of debridement I then cut %-inch narrow strips of adhesive, sterilize 
with iodine the middle portion which will come m contact with the 
open wound, and then, starting on the flexor surface, carry these stnps 
across the amputated stump These adhesive strips form bridges with 
traction, especially on the flexor surface across the open wound at the 
tip of the finger, continuing across the small portion of the remaining 
nail or nail bed on to the extensor surface Granulation tissue forms 
beneath these bridges with the skm completely closing m m the course 
of three to six weeks, depending upon the amount of tissue lost An 
excellent closure with a minimum amount of deformity results from 
this method Skm grafts immediately placed upon such tip amputations 
are now advocated When considerable skm has been lost these skm 
grafts furnish an excellent means of presen mg length and covering 
the bone I have used both methods but prefer the adhesive bridges 
m the great majority of cases In many cases, one can preserve length 
in the fingers by disarticulation amputations Occasionally, the cartilage 
over the end of the proximal surface of the joint undergoes arthritic 
changes with a painful stump Therefore, as a general rule, it 
to amputate just above the fianng proximal portion of the joint Effort 
should be made to preserve the flexor and extensor tendons and unite 
these over the end of the bone, thus preserving their function Joint 
function m all the remaining joints above the amputation is 
otherwise one may have a partially amputated stiff finger 
and m the way when the remaining fingers are closed into a fist 
of joint function often necessitates reamputation 
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In amputations of the rniddle and nng fingarr, when none of the proximal 
phalanges can be retained, many advocate removal of the distal third of their 
metacarpals. Tins will give a better appearing hand, provided too much devia- 
uon of the index and little fingers tovvird the middle of the palm does not occur 
This IS a potential danger A stronger, more useful hand results if only a small 
poruon of the proximal phalanx of the middle and ring fingers can be saved, 
held in a position of flexion, if joint function cannot be preserved, or if only the 
joint surface of these metacarpals is removed 

in the tndex finger u is wise to save all of the metacarpal possible Again, 
one must consider whether to leave the joint cartilage intact or to amputate 
through the head of the metacarpal just proximal to die joint surface 

In the loss of the entire little ^nger a far better cosmetic result can be ob 
tamed without loss of strength m the hand, b> removing the distal half of the 
metacarpal in an oblique fashion so as to give a good contour of the ulnar side 
of the hand 

In the thunib, it is of paramount importance to save all possible length Everj 
effort should be made to cover the stump of the thumb with palmar skin When 
impossible, one is justified in resorung to skin grafts or to plastic operations in 
order to save a portion of the thumb, rather than to remove all of it Rcmem 
her, that the ball of the palm, with all or a part of the thumb metacarpal can 
become very flexible, forming an cvcelleni boss for the apposition of the fingers, 
providing joint function can be maintained in these It further affords a good 
stump for an artificial thumb, although most patients prefer die stump to the 
prosthesis 

Above Elbow Amputations.— “It is agreed that as much length as pos 
sible IS desirable in all amputations m the upper extremity” (Hand- 
book) ' The ideal length for an above-elbow stump is 8 inches, meas- 
wed from the point of the acromion process” (British authorities) 
All agree that as much length of the humerus as possible should be 
saved but a better conical stump which can be inserted into the socket 
prosthesis is obtained if the amputation is performed m the 
shaft rather than m the flaring portion of the epicondyles Necessity 
may demand higher amputations in the humerus but the higher they 
3re, the harder the control of the prosthesis Nevertheless, any reten- 
tion of the upper end of the humerus is far better than a disarticula- 
tion at the shoulder joint Thus, skin grafts or repeated plastic opera- 
tions are warranted to preserve some type of stump here 

THE AMPUTATION AND THE STUMP 

, ^ stump IS one m which the skin and fascia adequately cover 
c end of the bone or bones, with a scar free of adhesions to the 
muscles, and so placed that it will not be irritated by the prosthesis 
a^t adequate circulation to prevent a cold, clammy stump, with 
endency to irritation or more often ulceration Such conditions maj 
ut and yet a poor stump may be present Too often the surgeon at- 
cover the bone end or ends with too much muscle, tendons, 
m in a loose, flabby or bulging stump end which 

irm^ fitting of the prosthesis difficult and which is prone to 
ation and ulceration, due to the piston action inside the socket of 
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the artificial limb Poor stumps m the upper extremity are rare are 
seen occasionally m the thigh and are far too prevalent m lower leg 
amputations 

The Location of the Scar— When conditions arrant, it should be 
slight!} or completely posterior to the end of the bone except in foot 
or the Syme operation where preservation of the plantar fascia and 
si in for the covering of the bones brings the scar anterior 

TJic artificial limtj fitters of Roehampton evidently do not much care where 
the scar is located provided it is not adlicfent to the muscles American aruficial 
limb manufacturers are not as insistent upon scar location as are our American 
surgeons Most of tlic latter insist upon the long anterior and the short posterior 
flaps which loc ~ r _ j k 

cause of some 
flaps Insufficic 
complete loss 

lander or similar amputations a long anicnor flap with a posterior scar is used 
Otherwise semicircular equal length anteroposienor flaps cut so that the two 
equal the diameter of the thigh give the best results In the upper extremity 
' " xor surface sLm over the end of 

In the forearm and upper arm 

Less discussion of scar location and greater emphasis on preserving bone 
Icngcii by manipulating every possible available skin and fascia tissue to cover the 
bone should be stressed A very short unorthodox type of stump m the foot or 
hind below the knee or the elbow is far better than a higher amputation with 
an orthodox scar 

The Ampufation —The incisions m the skin for the formation of the 
Haps should first be outlined by a scratch with a scalpel or by a 
metliylene green mark It is better to cut the flaps too long than too 
short, since tension over the end of the bone enclosing the flaps must 
be avoided Trimming of the flaps to meet the situation is simpler than 
an immediate reamputation of the bone and muscles in order to close 
the flaps Sad experience has taught the author tis better to do this 
reamputation immediately than to close the flaps with tension The 
skin and fascia should be cut through on the same plane rather than 
forming separate flaps of skin and fasaa The skin fascia flap should 
be dissected back to approximate!} 1 inch above the site of sawing 
through the bone The muscles are then cut through cleanly and 
sharpl> , slightly below the level of the bone site Thej promptly re 
tract and the bone is then sawed through horizontal!} on a level with 
the cut muscles For years it xvms customar} to preserve a certain 
amount of muscle to cov er the ends of the bone but experience has 
taught that such muscle soon becomes on!} scar tissue Before saumg 
the bone the periosteum is cut through approximate!} 1 inch above 
the bone site and completely removed thus giving a small length o 
anenosteal bone at the end of the Stump The old practice of 
the end of the bone with periosteum resulted too often m spurs 
the other hand the rcinovnl of too inuth periosteum ma\ resii t i 
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an aseptic necrosis at the end of the bone requiring later removal 
The author has ceased removing this cuff of periosteum Instead, he 
cuts the periosteum through with a knife and then saws the bone 
through on the same level Shredding and tnumatizing the periosteum 
is avoided By bevelhng the cut margins of the bone and periosteum 
with a rasp or file, approximatclv' Ys to % inch of penosteum is 
remov ed 

In below-knee amputations the fibula should be saw ed through ap- 
proximately 2 inches above the tibia and often higher in the case of 
children where growth of the upper fibuh exceeds the growth of the 
tibia All artificial hmb fitters favor leaving the head of the fibula in 
Situ, thus differing from certain surgeons who favor its removal 
Whenever possible, the wise surgeon is guided by the experience of 
the limb fitters The distal inch of the short anterior edge of the tibia 
IS cut away obliquelj and a rasp is then used to bevel the remaining 
anterior surface of the tibia as well as its cut edges This has prevented 
discomfort and even ulceration at the point where the skin stretches 
over the otherwise sharp anterior point of the bone 
Meticulous care is necessary for the control of all vessels The larger 
vessels arc clamped and hgated, often doubly ligated Chromic catgut, 
silk, linen or cotton may be used for this purpose, and all have strong 
advocates The author has used elcctrosurgery for the coagulation of 
the smaller vessels but still ligates the larger vessels This shortens the 
operation materiallj However, when electrosurgen is used, care must 
be taken to coagulate the v'essels and not large chunks of tissue The 
latter leads to necrosis and collections of serum Serum collections and 
hematomas are prone to infection and always delay heahng After all 
visible bleeders are hgated or sealed, the tourniquet should be removed 
and any further bleeding controlled 

Many methods for the treatment of the severed nerves are advo- 
cated to prev ent neuromas or painful stumps and according to some, 
phantom extremities All severed nerves develop some type of neu- 
roma, regardless of treatment The British surgeons, writing from 
their experiences at Roehampton, almost unanimously condemn 
stretching, crushing, hgating or injecting of the severed nerves One 
author states that it is far better for the patient if the surgeon never 
sees the cut nerve “Avoid further traumatizing of the severed nerve’ 
seems to be the growing tendency This differs from the teachings of 
the Handbook Most recent American authors condemn injection of 
the nerves with alcohol but continue to advocate ligation of the larger 
nerves or pulling them down and severing them two or three inches 
higher than the muscle level Simply severing the nerve with the mus- 
cle and then leaving it alone is worthy of mil It may be less trouble 
some than when further traumatized to avoid trouble 
Finally, after all of the above details are completed, the open stump 
consisting of bone, muscles, vessels and nerves is covered over with 
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fascjfl and skin, sometimes loosely with through and through drainage 
if infection is imminent, other times snugly without drainage Many 
advocate local application of one of the sulfa drugs before dosing the 
flaps 

After Care -The most cxceHcnc amputation technic my resaU tu 
failure as far as future function and usefulness of the stump are con 
cemed if the surgeon ceases to be mcercsted after the operation 
Below knee, above knee, below elbow, above elbow ampurations tn 
the order named, require the special attention of the surgeon until 
healing js complete and the prosthesis is worn The immedwre dress 
mg of the freshly amputated stump requires pressure and bandaging 
without impairment of circulation Personally, for the majority of 
these stumps, the author prefers a 5“yard roller evenly but not tightly 
applied to the stump, and held in place by elastoplast Others prefer 
the five-tad bandage, or a considerable amount of mechanic’s waste, 
held m place by an Ace bandage Regardless of what dressing is used 


the bandaging must be so placed as not to constrict circulation to the 
stump Faulty bandaging may result m a bulky, rather than a coma! 
shaped stump or may be the cause of subsequent skm necrosis It is 
Wise for the surgeon ro dress or supervise the subsequent dressings of 
the amputated case If properly applied and if the hospital record does 
not indicate the presence of infection no dressing may be necessary 
until the sutvires arc removed from the ninth to the twelfth day If 
drainage has been used tc should remain m place five or six days, rather 
than twenty-four hours thus establishing a drainage channel If ictfec 
(ion IS imminent or present, the writer prefers systemic rather than 
local use of the svilfonimidcs, or penicillin started immediately after 
the operation Unless contraindicated because of infection, accustom 
the patient to handle the stump through the dressings and cv en start 
pounding the stump on a pillow or directly on the mattress the day 
following operation As soon as the wound is healed and the stitches 
are removed, endeavor to overcome the fear of touching the stump 
by having the patient bathe and otherwise handle it 
Joint Function —A good amputation stump v\ ithout preservation of 
the adjacent joint function may be useless from the standpoint o 
prosthetic function Amputations performed just below a joint, espc 
cvally a major joint, require the greatest consideration for maintenance 
of joint function A foot amputation with an anfcylosed ankle 
than a below-knee amputation A flexion deformity in the stump be ^ 
the knee, so prone to occur, must be guarded against by some lo 
of splinting of the stump to prevent the deformity In these , 
author has found suspension of the below knee stump m a simg 
anced by weights from a fracture frame an cvcelJent metnoo o p 
vent flexor deformity This allows flexion and extension cxercis 
most from the start, whereas qjhnting for two weeks may . 

lent extension but poor flexion ability It is imperative to p 
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below-knee stump by some method but when a posterior splint is ap- 
plied It should be removed frequently for flexion exercises When a 
below -knee amputation is complicated by a fracture in the femur, 
some method of treating the fracture will be necessary which will pre- 
vent prolonged immobilization of the adjacent knee joint with the 
possibility of future ankylosis Either ank> losis m extension or flexion 
deformity may ruin the usefulness of an anificial leg 

Physical Therapy— For the majority of amputations phjsical therap), 
in the sense of reporting to technicians for prolonged courses of heat, 
massage and exercises, is unnecessary Etery good surgeon practices 
physical therapy when he piotecis and exercises adjacent joints and 
when he teaches the patient to pound the stump, first on a pillow, then 
on the mattress, and finally, on a hard chair These and many other 
simple methods of physical therapy are absolutely necessary^ In cases 
where joint function is threatened, where abductor deformity in the 
thigh has been allowed to de\eIop, or where the patient’s timidity 
prevents handling or hardening of the stump, thus dela>ing the ap 
plication of the prosthesis, physical therapy is of paramount impor- 
tance 

Occupational Therapy -Occupational therapy is or should be indi- 
cated in all amputation cases This may be given m the form of divcr- 
sional or instructional occupations during the patient’s convalescence 
Even early return to work is occupational therap) Many a patient is 
taught to use his prosthesis properly m the occupational therapy de- 
partment of Sc Luke’s Hospital where it is an integral part of the 
department of physical medicine— a department which represents an 
exceedingly important branch of treatment m this institution 

The Prosthesis —This should be applied to the stump at the earliest 
possible moment The old custom of binding the stump for a long 
period of shrinkage preliminary to the fitting of the artificial limb is 
still practiced by many This long delay often makes the amputee a 
confirmed cripple He becomes accustomed to crutches, gets around 
better with them than when he attempts to wear the prosthesis, and 
too often unconsciously profits because of his cnppled state A cer 
tain amount of shrinkage will occur during the first six months fol- 
lowing amputation In the author’s opimon, if the stump is properly 
formed, maintenance of muscle tone and function by use and exer- 
cise will limit shrinkage and give a more useful stump In the last 
few years, due to closer cooperation with the artificial limb-fitter, he 
has had a good temporary socket made which is attached to the per- 
manent artificial leg This temporary socket costs the responsible party 
fifty dollars extra It can be applied early and is worn for six months 
Some of my patients nev er Icani to use crutches When the final shape 
of the stump has been attained a new permanent socket is then attached 
to the artificial leg to which the patient has been fully accustomed 
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Prior to the development of the Handl»ook, I was very reluctant to rccoffl 
mend any particnhr prosthesis I fth n was better for the patient to look them 
ait over and then choose the limb he desired His choice too often depended 
upon titc at ilitj of the salesman, while at oilier times he was confused by the 
preat mimber of salesmen eomacung him. Alt of ibis resulted too often m a 
prolonged dcla> m obtaining the prosthesis The ideal would be for each hos- 
pital to haic Its own artificial limb maker and finer just as many hospitals have 
their brace departments In Leu of diis the surgeon should stud) the various 
artificial limbs made in his community or m the nearest centers where artificial 
limbs arc made He should study the mcdiods of these manufacturers and their 
aliilit) to satisfy their patients and espccjally their continued interest m the case 
until the prosthesis is satisfactory In doing this the surgeon wjJ! soon find that 
the great majority of artiffcul hmbs arc well made and arc applicable to any 
patient There arc onl) a few special eases where the amputee must be fitted by 
special appliances Hating made this study, the author has learned to depend 
upon approximaiciy three attifiaal limb manufacturers m his city ^^^len the 
patient desires another hmb we always honor his wishes The chief point is to 
know the fitter of the prosthesis and to consult with him concerning the site of 
amputation an I the preparation of the temporary socket and hmb so that it will 
bo ready shortly after the snimp ts hcali^ In emergency amputations this iii 
impossifdc but in all others this consultation with the artificial limb surgeon leads 
to better teamwork in fitting the patient and m teaching him to use the 
prosthesis 

End Btianng Stump* -Fonow in j World War I prear enthusiasm d^ 
\ eloped for end bearing stumps Such stumps required better location 
of the scar a\oidance of adhesions to the muscles, early hardening of 
the end of the stump and its early use, thus preserving muscle tone 
These methods ^\crc far more physiological than the old practice of 
prolonged bandaging for shrinkage The majonry of artificial hmb 
fitters Mere richer enthusiastic about end bearing stumps The author 
was succesfii} in having a feu patients fitted with a prosthesis suitable 
for end bearing and t few of his patients with ideal stumps practiced 
end bearing Full weight bearing on the end of the stump could never 
be attained Such patients take about 25 per cent of the weight on the 
end of the stump The great majority, however, even when the stump 
IS suitable for end bearing, never use it, too often because of lack of 
cooperation from the fitters of the hmb The British have given up 
end bearing stumps altogether Afany of the British authors now ad 
vocate taking most of the weight of the prosthesis on the tuberosity 
of tile ischium rather than risking the irnranon and the gradual de 
velopmcnt of bursitis when the weight is borne chiefly on the promi 
nences of the tibia and fibula More and more American^rgeons we 
press unfavorable reactions toward end bearing stumps The ^ 
of American artificial limh manufacturers «»11 prefer weight ^ 
directed to tJie sides of the stump and chiefly to the heads of the i i 
and fibula in below knee imputations Thus, while end 
disappear, >ct the mote phj siologicil stump wluch it create 
persist 
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REAMPUTATION 

lliere are many nncontrollable factors ^\hlch make rcampurations 
or at least remodehng or repair A\ork on the stump necessary Man\ 
of these can be atoided by better technic, but e\er\ surgeon is bound 
to ha\e a certain number of such cases In other instances the primarv 
amputation is performed m the hope of preserving length but with 
the cards so stacked that reamputation is a strong probability Re 
modeling the soft tissues of the stump is far mote common than re 
amputations Either operation may be due to one of the following 
conditions 

1 A bidly flabby sttn/ip warrants remodeling with a view to obtaining a 
normal conical stump Forrunatcl} reamputation is seldom necessary here 

2 Slougl ing of the skm and faseta where it stretches over the end of the 
bone a form of pressure necrosis is not uncommon especially in below knee 
amputauons Impaired circulation due to the original disease to a too long an 
tenor flap to removal of too much of the subcutaneous tissue below the skm 
or to the presence of a hematoma often infected results m a sloughing of one 
or both flaps often with complete exposure of the end of the bone 

T\ hen mild sloughing or ulceration has occurred the area usually can be dis 
scctcd away and a good closure accomplished However when the rcsulung flaps 
must be closed under tension or whenever the bone is exposed rcamputation 
becomes necessary It is exceedingly difBcuIt to obtain a good serv iceable stump 
ly skin grafting or by plastic skm operations in order to close a large ulcerated 
area and especially in an effort to cover the bone It is far wiser to dissect away 
the ulcerated portion re form the best possible flaps saw away the exposed por 
tion of bone or bones and re form the stump regardless of scar location An ex 
ception to this doctrine may be found in the upper extremities where skin grafts 
and plasnc operations may be used to cover the end of the stump thus mam 
taming length when necessary and without unduly imcrfenng with the wearing 
of the prosthesis Another excepuon which the writer has already referred to is 
m the case of a very short below knee stump especially m young people 

3 Ojfeomye/irif —A persistent smus if of long duration or if it develops weeks 
or months after healing has occurred is usually due to bone disease Aseptic 
necrosis of the end is the commonest but true osteomyelitis usually in or near 
the end of the bone may occur X ray examination confirms the diagnosis Op 
ctatLve tetmval of tb* diseased pomotv ts tvecessacy The wsft of sysxemc swl 
fonamides or pemciilin may prevent an infected stump from invoh mg the bone 

4 Infections— Vyogetac infections frequently develop in the operative stump 
due to the presence of a hematoma or mote often because the amputated part 
was infected Such infections may so destroy the flaps as to require remodeling 
or reamputation 

Gas baCtUus infection is the most dreaded of all infections in the amputated 
stump IVhen the amputation has been forced because of this infection it should 
be done well above the limits of the ussues involv cd if possible Other times a 
reamputauon becomes necessary to re form the stump destroy ed by gas mfee 
uon However the use of refngerauon xray, sulfonamides and (or) penicilhn 
combined always with arm gas senon has saved many such extrem ties formerly 
amputated Often all these methods are combined without knowing which one 
should receive credit for eliminating the infection T ray alone is not successful 
in my opimon Refrigeration alone over a period of two or three weeks has 
completely clirrunated a gas bacillus infection according to personal communi 
cations from Ctossman and Temple Fay The writer has used refrigeration, wnth 
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occur, the came as with any other anesthetic The fault is due to the 
existing impaired cireulicmn or to the fact that the surgeon did not 
amputate high enough here adequate circulation existed The technic 
of refrigeration anesthesia has been dcscrihed m so many articles that 
repetition IS unncccsajrj* 

RefrigeratJort Aneifhetfa without ToarnlqueK— Moch, jr desenbed the 
tjsc of tee bags for a few hours tner the donor site as a method of 
anesthesia for shin grafting In scscral cases uc have applied ice bags 
tightly about the stump or ahtmt an infected area ov cr night, followed 
the next morning by a rcamputauon m two instances, or by the open 
mg of the mfeetjon in seteral instances, without anj' other ancstheoc 
being used Recent!) , the writer used refrigeration without a tour- 
niquet for ewche hours as the basal ancsthccic m a two and one-half 
) ear old child fot amputation S inches l«Iou the hnec because of a 
congenita} defect in the leg ant! foot This refrigeration anesthesia was 
supplemented w ith onl) I ounce of drop ether No manifestation of 
pain was shown throughout the operation and the hahy was awal,c 
when returned to the ward 

Surgeons who recognize the dangers of genera! or eten spmal ancs- 
tlicsia m amputations but who fear the use of the tourniquet for so 
long 1 time will dnd refrigeration u irliout a murniqiicc, oanielj , sev 
era! ice bags kept corstanrl) filled and held to the extremity bv band- 
ages for txxchc hours, ^cry eflicacious in reducing to n minimum the 
amount of supplemental anesthetic agent needed 


COMMENT 


1 The author has endeaxored to suinminze the best practices of 
the British and American surgeons m the technic of amputations It 
IS difficult to add anything new to this, one of the oldest operations in 
surgerj It is apparent, hoxxcxcr, that the surgeon of toda> is discard 
mg man) of the time-honored procedures of the past and iS doing a 
simpler operation xuth more thought gnen to stomp usefulness and 
the future wearing t>f a prosthesis. Closer cooperation xxith the arti 
ficial Jimb manufactwrers his been beneficial both to the surgeon and 
the pitient and undoubtedly has improxcd the practices of the manu 
facturers 

2 Recognition that all severed nerxes dexelop neuromas at their c« 
ends and that efTorrs to prevent these neuromas are funic, is a Jairv 
new conception This has rcsaltcd in condemnation of methods '' 
further traumatiT'c nene minks, such as injecting ligating, crus 


or undue pullmg down of these scxcred nerx 

3 Apenostca! trcsitmcnt of the end of the amputated bone has 
m vogue for two gcnentions Used to ixoid spur forimtion at f e 
of a bone, it was fairly successful However, aseptic neciosis 
end of bone, even xxhen infection was absent, has een 


in this 
rather 



CONCERNING AMPUTATIONS 


511 


common The success of the guiltocme amputation, here the perios- 
teum IS cut clean with the bone, forces the author to predict that the 
aperiosteal st>le may pass 

4 So much attention has been guen to sites of election and the ideal 
stump has been expressed m terms of so man} inches that short stumps 
of iy_ to 3 inches below knee or below -elbow ha\e been sacnficed m 
order to meet the ideal E\ cry effort should be made to sa\ e these short 
stumps Often, with careful planning, at}’pical skin flaps can be sated, 
closed in about the short bon> stump and, in spite of damaged circula- 
tion will often lite E\en the condemned methods of skin grafting or 
plastic flaps are justified if thcreb) a major joint can be saved 

5 In all cases, preservation of joint function without dcformit} is 
of paramount importance 

6 Refrigeration anesthesia with toumiquec is an ideal method 
strongly recommended m elderl} people or m other cases in which 
shock is a problem Refngeration anesthesia without tourniquet makes 
an ideal basal anesthetic which can be supplemented bv a minimum 
amount of either nitrous oxide, pentothal sodium or intravenous mor- 
phine, as desired or indicated 

7 Rehabilitation, if successful, must engender a spirit of independ- 
ence Independence depends upon working and earning Therefore, the 
earlier a patient who has suffered an amputation can be fitted with 
his prosthesis and returned to work, the more certain his rehabilitation 
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Hvdrosephrosis is a term which applies to the renal changes which 
follow persistent obstruction at nny point along the urinary tract 
These renal changes arc dependent upon the duration of the obstruc 
tion and ma) \ar) from simple distention m the early stages to total 
destruction in the late stages of the process I shall confine mj remarks 
to h) dronephrosis caused b) obstruction at the urcteropelvic junction 
An attempt at consertative surgery in the management of hydro- 
nephrosis secondar) to urcteropelvic obstruction was reported as early 
as 1}»86 by Trendelenburg Since this time numerous procedures have 
been described for rhe relief of stneture of the urcteropelvic junction. 
In general all of these procedures have been adopted from general 
surgery Kuestcr m 1891 applied the end to side anastomosis of viscera 
to the kidney pelvis and ureter In 1892 Fenger applied the principle 
of transverse suture of a longitudinal incision to the urcteropelvic 
junction Finney and von Ltchtenburg popularized continuous side 
to side an'istomosis of pelv is to ureter following the application of this 
plastic procedure at the pvlorus by Finney The principle of Y plasty 
as applied to the relief of pyloric stenosis was used as the basis far 
pelviourereropiasty by Schwyzer in 1916 and later modified by Foley 
Enthuiiasm for plastic surgery at the uretcropelvic junction has 
waxed and waned and at present appears to be on the upswing 
Todays enthusiasm appears rcasonible in view of the numerous senes 
of cases recently reported in which evidence is supplied by pyclo 
graphic technics cultures and careful follow up reports to show that 
the procedures were justified 

PRaJMJNARy COH5»OEJUTiONS 

Diagnosis— The diagnosis of hydronephrosis as with all diagnjwcs 


Gastrointestinal symptoms not infrequently accompany iiyuiu -.p 
rosts Certain eases of hydronephrosis give rise to definite localizing 
symptoms such as attacks of Join pain the appearance of a paipio c 
tumor mass and urinary disturbances 


From the Urological D vi on, Univcfsiy of Oncago *5:. 

* Assisranr Professor of Surgery (Urology) University of Chraga Schooi os 
Medicine. 
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Once stasis of the upper urinary tract is suspected, its demonstration 
IS readily made by visualization of the renal pelvis and calyx s>stem 
following the injection of organic iodides opaque to x-ray This can 
be accomplished by cither the intravenous or retrograde injection of 
the dye The intravenous method offci^ certain definite advantages as 
well as disadvantages The ability of a kidney to concentrate diodrast 
IS a good index of kidney function Good visualization means good 
function On the other hand, if the function is sufficiently reduced the 
pelvis and calices will not be seen and retrograde injection may be 
necessary Intravenous urograms when diagnostic have the advantage 
that there is no possibility of the introduction of infection into a 
dilated, static collecting system Catheterization of the ureters pro- 
vides an accurate method of estimating the size of the hydronephrosis 
as well as obtaining urine for culture and estimation of function Ade- 
quate visualization is more surely obtainable following the retrograde 
injection of radiopaque materia! 

Types of Ureferopelvic Obsfruchon —Cases of pure hydronephrosis 
secondary to obstruction at the ureteropclvic junction may be divided 
into two mam groups (1) those due to extmmc causes and (2) those 
due to intrinsic causes These two groups may overlap Extrinsic ob 
struciions are secondary to aberrant polar vessels fibrous bands, tumor, 
stone and the like Although there is considerable difference of opin 
ion with reference to the importance of aberrant vessels as primary 
etiologic factors, the good functional results obtained in many cases 
after simple division of the vessel in question seem to prove the im- 
portance of this factor The presence of a stone m the pelvis of the 
kidney may be secondary to the hydronephrosis, but at times must be 
considered a primary causative factor 
Intrinsic obstruction of the ureteropelvic junction amounts to a 
stricture Apparently stricture formation may occur as a congemtal 
malformation or may be secondary to inflammatory infiltration 
Braasch has described a group of cases of hydronephrosis m which he 
noted hypertonicity of the musculature of the ureteropelvic junction 
contraction of which caused a ball valve obstruction by protrusion 
into the lumen Presumably this type of obstruction is secondary to 
defective innervation of the pelvis and ureter and is likened to dys- 
kinesia of the common bile duct and its sphincter Finally, there are 
some surgeons who believe that valve formation resulting from a high 
insertion of the ureter into the pelvis is often the cause of intrinsic 
obstruction Others believe that high insertion is a result of pelvic 
dilatation rather than its cause Aside from etiological considerations, 
the finding of high ureteral insertion is of great importance m the 
selection of the type of plastic procedure to be used 
Selection of Cases for PelvioureteropJasty -There is almost universal 
agreement that plastic procedures should be considered in all cases of 
hydronephrosis secondary to ureteropelvic obstruction excepting those 
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complicated by suppuration or far advanced hydronephrotic atrophv 
Wholesale neplirectomy should be abandoned The potential /unction 
of the hydronephrotic kidney must be considered Frequently the 
failure of plastic procedures rests on improper selection of cases rather 
than the type of procedure used 
Selection of Type of PelvieureteropUity— It j;, impossible to correct 
the v\ idc variety of pelvic deformities by the use of an) one type of 
plastic procedure The best results arc to be obtained b) fitting the 
procedure to the particular deformity rather than attempting to make 
all deformities fir one special procedure A prion two deciding fac 
tors are determined preoperariveU namely the presence or absence 
of infection and the appearance of the pyelngram 1 agree VMih Foley 
that rotated position p)cl«gr3ms should be made rather than the 
conventional anteroposterior sicus In an anteroposterior pyelogram 
the shadow of the dilated pelvis may overlie the ureter and obscure 
the msemon of the ureter mto the pelvis A final deciding factor is 
the appearance of the kidncj at operation Ar times one may find 
more or less functioning renal tissue than pyclographic studies indi 
cate 

THE OPERATION 


Techme -Exposure through the usual lorn inasion without rib re 
section IS adequate in most cases Extrinsic obstruction as evidenced 
by aberrant vessels fibrous band and so on is dealt with by extensive 
pelviourctcroly sis This often is curative but J aeree with many who 
insist upon internal calibration of the urctcropclvic junction which is 
readily accomplisheti b) making a small pcKic incision and passing a 
Vo 10 r urethral catheter past the junction 
If stricture or high ureteral insertion exists as m intrinsic obstruc 
non a plastic procedure must be considered Simple stneture may he 
‘iimpiy dealt with by longitudinal mcision of the area of stricture with 
transverse closure (Fcngcr) In all cases a splinting catheter is used as 


well as a catheter to dram the pelvis 
When faced with a cornbin'tuon of a stricture plus high ureteral in 
sertion the Foley Y plasty overcomes both of these obstructing fac 
tors After complete pelviourcterolvsis a longitudinal incision is made 
through the lateral aspect of the ureter through the ureteropdiic 
junction and continuing throVigh the pelvis on its medial aspect The 
termination of the pelvic incision is m the form of an inverted v 
The length of these sncisions is variable depending on the hc>§“^ 
ureteral insertion Generali) the ureteral incision is equal in lengt to 
that of the pelvic incision plus the depth of the V or the Iitn s 
the Y Anastomosis of the ureteral and pelvic edges is then made wi 
000 plain catgut sutures on an atraumatic needle Stay sutures p 3C 
at the distal end of the ureteral incision at the ureteropciv ic ^ 
and M the apex of the V slMped pelvic flap aid m approximoo 
After completion of the anastomosis, a No fO F spfxnciftg cs 
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placed through a small pelvic incision for a distance of several centi 
meters down the ureter A second catheter, usually a No 16 F Fez 
zar, IS introduced through a second pelvic incision and becomes the 
draining catheter 

Catheter Types and Care —Numerous types of catheters have been 
deviled for the purpose of ureteral splinting and pelvic drainage fol 
low mg plastic procedure The general consensus is that some form of 
ureteral splinting is necessary I prefer the use of a No 10 or 12 F 
urethral catheter for splinting and a No 16 F Pezzar for pelvic dram 
age These are introduced through small posterior pelvic incisions and 
not through a nephrostomy Following removal of the splinting cathe 
ter the patenc) of the anastomosis is readil) determined by the rapid 
ir> with which dje injected through the second or pelvic catheter 
appears m the bladder 

The principle of a single catheter for splinting and drainage, such 
as devised bv Mclver is sound At times the splinting portion is hard 
to introduce because of lad of rigidity Gibson states that it often 
crawls back into the pelvis He advocates the use of a T tube as does 
Demmg The author has had no experience with this type of tube 
The majority of surgeons maintain splinting and drainage for two 
to three weel s Two weeks is sufficient m most instances In case two 
single catheters are used the splinting catheter is removed on the four 
teenth and the draining catheter on the fifteenth day 
One cannot emphasize too strongl) the use of urinary antiseptics 
following plastic operations on the renal pelvis It appears that a good 
share of the recent success with plastic procedures is due to the use 
of the sulfonamides Penicillin should prove a useful adjunct in the 
control of those organisms insensitive to the sulfonamides 
Evaluation of Results —In the evaluation of the result of an) plastic 
procedure the criteria observed in order of their importance are (1) 
the relief of s>mptoms (2) the improvement of function, (3) the 
disappearance of infection and (4) the disappearance of dilatation 
Adequate evaluation therefore requires questioning as to symptoms, 
repeated pyelograms and microscopic and cultural examinauon of the 
urine Concentration of organic iodides by the involved kidne) affords 
an adequate functional test 

lllusfrahve Cases 

Case I— A 46 year old housewfe had been followed previously for a brief 
period of omc in the gastroimesunal division of the University of Chicago 
Clinics For tvv o years she had complained of attrfcin. of right lorn pain and dull 
aching in the left loin Tlicse pains were associated with moderately severe symp 
toms of bowel distress Because of tlie finding of a stone in the region of her left 
kidney on routine gastrointestinal films intravenous urograms were made These 
films revealed a stone 1 cm m diameter in the left renal pelvis The right remi 
pelvis was quite dihred Decision \ as made to treat the left kidney first n 1 1 
left peh lohthoto ii} \ as unev cmful Because of the persistence of attacks of r ght 
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Imn pain and the pmcnce of considmbJe py^Jectasis and caiieaasjs, a pelvio- 
plasty of tlic nglit hiincy i>as aditsed ^ 

At operation the renal pehis was dibted to the size of an orange. A J mm. 
aberrant ancry crossed the urcteropelvjc jiinaion In enion of the titeter was 
3 cm from the most dependent ponion of the pclv,s Calibration of the uretero 
pchic junction revealed a defimte uncture A No 5 F ureteral catheter would 
not pass Repair consisted of pchioomcrolysis and a Foley Y peiviouretero- 
pJavty A No 10 F urethral catheter was used to sphne the ureter and a No 18 
r Pezzar catheter to dram the pelvis 

This patient made an uneventful recovery At no time did her temperature 
exceed C. (100 4* F > Both caihcieri -were removed on the fourtcemh post- 
operauve d3> and the patient was discharged lorn dry and syntpeom free on the 
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Fig 240 fCa^ I) -Prcopcwjvc pyelogram 
Fig 241 (Case I) -Pitlogram eight months after Foley Y plasty 

twentieth day It is now sixteen months since operauon and the patient a symp 
tom free The urine is negative Figure 171 illustrates a pyelogram made preop 
erativcly Figure 174 is a pyelogram made ci^r months after pelvioureteroplasty 
There is marhed reduction of pelvic size and good fanction as evidenced by good 
concentration of diodrast 

Case II -A 27 year old houvewife was first seen m the urological division of 
the University of Qiicago Clinics witfi die complaint of intermittent attaelo ol 
nght loin pam for the previous three year* Inquiry rexeaied that the^ attach 
were sewere lasting fifteen to thirty minutes and associated with nausea The pain 
did not radiate was not associated with frequency dysuna or hematuria ano 
was not related to meals Five days prior to thu visit she had experienced a ver> 
severe attack of right loin pain sinuiar to tfie previous attacks but fasung 
to four hours and requiring morjAinc for relief 
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Physical examination was negame except for a palpably enlarged nght kid- 
ney. The blood pressure was 130/75. The uHne showed a very occasional erythro- 
cyte. An intravenous pyelogram showed a grade 11 to III right hydronephrosis. 

At operation the renal pelvis was the size of a baseball No aberrant vessels 
or adhesions were found. The ureter drained the most dependent portion of the 
pelvis. Calibration of the ureteropelvic junction rescaled a stricture. A longi- 
tudinal incision was made through the ureteropelvic junction and sutured trans- 
versely. This permitted the passage of a No. 10 F. Mclver splinting catheter 
which also served to drain the pelvis. 

The entire postoperative course was uneventful, the patient’s temperature 
never exceeding 37.5* C. (99J* F.). The Riciver catheter was removed fourteen 
days after operation, and the loin was diy and remained so after the fifteenth 



Fig. 242. Fig. 243. 

Fig. 242 (Case II).— Prcoperative pyelogram. 

Fig. 243 (Case II).— Pyelogram six months after Fenger plasty. 


day. The patient %vas dischai^cd on the sixteenth postoperative day. Since opera- 
tion this patient has e^enenced no pain and the urine has been negative on re- 
peated examination. Figure 175 shoxvs a pyelogram made preoperadvely. Figure 
176 IS a pyelogram made six months after operation. There is a definire decrease 
in the degree of hydronephrosis and good function. It is now over one year 
since operation. 

SUMMARY 

The ^bject of hydronephrosis caused by obstruction at the uretero- 
pelvic junction has been reviewed including its diagnosis and plastic 
treatment. Emphasis has been placed on the desirability of considering 
a plastic procedure rather than nephrectomy in all cases of hydro- 
nephrosis secondary to ureceropclvic obstruction excepting those com- 
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Adenoma of bronchus bronchoscopy in, 
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Anemia in colonic lesions Feb , 193 
Anesthesia for cholecystectomy, Feb , 217 
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Angiograph> evaluation of its usefulness 
April, 326 

Aorta aneurism April, 289 379 
Aortography Apnl, 326 
Appendicostomy for colonic obstruction 
Apnl, 385 

Arterial anastomosis role of angiography 
in April, 336 
Arteriography April, 326 
ArtcrioscJeroUc penpheral arteries, arte- 
riography of April, 331 
Artenovenous aneurysm, congenital, Apnl, 
343 

fistula, angiography m April, 331 
congenital, April, 343 


Arthritis of knee joint, debnder'en* 
technic, Feb , 249 
Arytenoidectomy, Apnl, 464 
technic, Apnl, 467 

Axillary node involvement m breaM car> 
cer, Feb, 119 
Ayala index, Feb , 85 

Bed rest, calculus formaljon tn 
Apnl, 444 

Bile ducts, anomalies, Feb, 210 
Blood picture in primary carcir/—^ 
lung, Apnl, 298 

transfusion in protein deficiero Fr* 
192 

Bone grafts, boiled, m cramor>l 4 *fy r*' 
44 ' ' 

tumors diagnosis April, 410 
Breast, carcinoma, Feb, II6, Apnl, 

See also Carcinoma oj brea i 
examination, Apnl, 319 
tumors diagnosis April, 3t'j 
Bronchiectasis, treatment, 
in planning, Apnl, 294 '' 

Bronchoscopy, importance, r 
treatment of pulmonary 


Calcuu, renal formation r' < 
lient, Apnl, 444 
Carcinoma, bronchogeme. fr 

m Apnl, 295 '■■•e 5, 

of breast, Feb , 116 
axillary node invrfr*-^,. - . ^ 

diagnostic aids, 

estrogens and V ^ 

Fe6,127 

oophorectomy m, vi p. 
operable, treatme— ^ ^ 

recurrent and irr-i- ^ ' 

Feb, 124 

of colon obstrucli~e ft- ^ 

protein deficiency n 
resection of, Feb, i' 
of esophagus Feb^'i ' 
of lung, primary. 

April, 298 * r 

of neck mcta«tatw r 

102 - F' 

radiation versut 4 ^ 
of thyroid, Irta* 

Feb, 100 110 
Cardiospasm, ror-^r.. 

314 
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Cecum, caranoma, Feb , 178 
Cerebral angiography April, 326 
Cesarean section, uses and abuses, April, 
444 

Chest wall, cold abscess, Apnl, 285 
Cholecystectomy, indications and contra- 
indications, Feb, 214 
partial, Feb , 215 
postoperative care, Feb, 227 
preoperative preparation, for, Feb, 216 
technic, Feb, 210 219 
Cholecystostomy, indications and contra- 
indications, Feb, 214 
technic, Feb, 210 227 


Chordoma, spinal, protruded disk and, 
diSerentiation, Apnl, 279 
Chordotomy for intractable pain in hip 
following removal of chondrosarcoma 
of ilium, Feb , 70 
Cistern puncture, Feb, 89 
Cold abscess of chest wall, Apnl, 285 
Colon, Caranoma of Sec Carcinoma of 
colon 

diverticulitis Apnl, 390 
eTamination order of events Fe&,176 
irrigations, in diasnosu of intestinal 
obstruction April, 383 
lesions, anemia in Feb , 193 
left half, Feb, 181 
localiration, Feb, 186 
obstructive Feb , 186 
protein deficiency in, Feb, 189 
right half Feb. 186 
surgical diagnosis and management, 
Feb, 176 

obstruction dugnosis, AprS, 382 
treatment Apnl, 384 
resection primary, Feb, 176 

postoperative orders, Feb , 197 
preoperative orders, Feb , 196 
tuberculosis, Feb , 184 
Colostomy, protein deficiency with, Feb , 
189 

transverse in obstructive lesions of 
colon Feb, 188 


34, 36 

periosteal outer table grafts in, Feb , 37 
nb grafts (autogenous graft), Feb, 40 
tantalum in, Feb, 33, 48 
vitallium in Feb, 47 
Cruciate ligament, anterior, ruptured test 

Cystic artery, anomabes 212, 213 
Cysts, dermoid, of mediastmum, Feb , 130 


DfiBRtDnaiENT of knee jomt for arthritis, 
techmc, Feb, 249 

Decompression in intestmal obstruction 
Feb, 188, Apnl, 386 
Decortication of heart by resection of 
pencardium April, 480 
Dermoid cyst of mediastmum Feb, 130 
Diagnosis, surgical, symposium on, AprS, 
271 

Diaphragm embryology, Feb, 152 
Diaphragmatic hernia, surgical repair 
Feb, 152 

m adult, Feb , 158 
In infancy and childhood, Feb, 
153 

Diverticulitis of colon, April, 390 
Draping of patient for surgery of knee 
Feb, 256 

Duodenal stump, intraluminal pre'sure 
in, avoidance in gastric resection 
Feb, 207 

management in gastric resection 
technical details Feb, 200 
ulcer, gastric resection for management 
of duodenal stump Feb , 200 
Duodenum, malignant tumors, surgical 
treatment Feb, 163 
Dural cyst, saaUca due to, Apnl, 279 


East laceration#, Feb , 9 
Eleclrodiagnostic procedures in penpn 
eat nerve lesions Apnl, 438 
Esophagitis, roentgen diagnosis April, sis 
Esophagus caronoraa, feb, 137 
lower, diseases of, roentgen diagnosis, 
Ap^, 306 . . 

Estrogen therapy m caremoma of breast 
Feb ,127 ^ ^ ^ 

Eyebds, lacerations, Feb, 6 

Face, abrasions, Feb ,5 
injuries, early management, Feb , i 
lacerations Feb ,5 , 

reconstniclions about, pedicle gratis 
from arms for, Feb , 20 
Faml bone fractures Feb , 9 
Femur, fractures, neck, delayed union or 
nonunion, operation for, eeo, 

tewi^t, operative treatment, Feb, 
Fibro adenoma of breast, diagnosis, AprH, 
FiSra amputaUons sites of elecUon 

Firtuk!’ arteriovenous angiography m 

Apnl, 332 

Fo^rMrm, amputations, sites of elecUon 
AP^ 499 


CUMUIAnVE INDEX 


521 


Fractures of aJveoIar process, Ftb , 16 
of facial booes, early management, Feb , 

9 

of femur, neck, delayed union or non- 
union, operation for, Feb , 242 
recent, operative treatment, Feb, 
230 

of frontal bone, Feb , 10 
of hip, surgical treatment, Feb, 230 
of mandible, Feb , 16 
of maxilla, Feb , 13 
of nose, Feb, 11 
of zygomatic bone, Feb, 11 
Frontal bone, fractures, Feb , 10 

Galuladder, anomalies, Feb, 210 
Gastnc See Slomack 
Goiter, toxic diffuse, total thyroidectomy 
in, Feb , 100 

nodular, total thyroidectomy m, 
Feb, 99 

Grafts, pedicle, from arm for reconstruc- 
tions about face, Feb, 20 
Guillain-Barre syndrome, protruded disk 
and, differentiation, Apnl, 278 
Curds transverse inusion for cholecys- 
tectomy Feb , 217 

Hand, amputations, sites of election, 
April, 499 

Headache, spinal puncture, Ftb , 87 
Heart, decortication, by resection of peri- 
cardium April, 480 

Hemilaminectomy, Feb , 70 j 

for chordotomy, Feb , 70 
for removal of neurofibroma of spinal I 
cord, Feb , 74 I 

Hemoptysis, bronchoscopy m, value, 
Aprrl, 296 

Hepatic artery, anomalies, Feb , 212, 213 
Hernia, diaphragmatic, surgical repair, 
Feb . 152 

in adult, Feb , 158 
m infancy and childhood, Feb, 
153 

hiatus esophageal, roentgen diagnosis, 
April, 311 

Herpes zoster, protruded disk and, differ- 
entiation, Apnl, 276 

Hiatus hernia, esophageal, roentgen diag- 
nosis, April, 311 

Hip, fractures, surgical treatment, Feb, 
230 

Hodgkin’s disease, mediastinal lesions, 
April, 285 

Hydronephrosis plastic operations for, 
April, 512 

Ilixtm, chondrosarcoma of, intractable 
pain in hip following, relief by chor- 
dotomy, Feb , 70 


Injuries, facial, early management, Feb , 3 
of knee joint, acute, surgical diagnosis, 
Apnl, 402 


ireatmetii, Aprn, ad4 
Irrigations, colonic, in diagnosis of in- 
testinal obstruction, April, 383 

KinsEy, calculi, formation in bedrest pa- 
tients, April, 444 

King’s osteotomy for ununitcd fracture 
of hip, Feb, 247 

Knee, debridement, for arthritis, Feb , 
249 

examination and differential diagnosis, 
Feb , 249 

injuries, acute, surgical diagnosis, April, 
402 

treatment, Apnl, 407 

IjicERAnovs of head and face, Feb, S 
Larynx, abductor paralysis, bilateral, 
arytenoidectomy for, Apnl, 464 
Lateral ligaments of knee joint, test for 
integrity, Feb, 250 

Leg amputations, sites of election, Apnl, 
497 

Leptomeningitis localized, protruded disk 
and, differentiation, Apnl, 277 
Levin tube in intestinal obstruction, 

I Apnl, 386 

Ligamentum flavum, hypertrophied, sci- 
atica due to, Apnl, 280 
Lip, lacerations Feb , 9 
Lumbar intervertebral disk, ruptured, 
differentiation from diseases of spmil 
and peripheral nervous systems 
Apnl, 272 
puncture, Feb , 78 
sympathectomy, effects, Feb, 67 
indications, Feb , 59 
technic, Feb, 56 
sympathetic block, Feb , 57 
Lung, carcinoma, pnmary, blood picture 
in, April, 298 

lesions, broncho'copy in planning treat- 
ment, April, 292 

Lymphosarcoma of spinal cord, protruded 
disk and, differentiation, -4pn/, 279 

Maucvant tumors of colon, Feb, 176 
of duodenum, surgical treatment, 
Feb , 163 

Mandible, fractures, Feb , 16 
Mastitis, cystic, chronic, diagnosis, APnl, 
321 

Maxiilary bone, fractures, Feb , 13 
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Mediastinum, dermoid cjsts, Feb, 130 
Ic'ions, diagnosis, 282 

neurogenic tumor, Feb, 134 
surgery of, Feb , 130 

Meningioma, spinal, protruded disk and, 
diKerentiation, Apnl, 276, 279 
Miller Abbott tube in intestinal obstruc- 
tion, Feb, 189, April, 386, 387 
Moore’s pini m fractures of femoral neck, 
Feb , 236 

Nasal bone, fractures, Feb, 11 
Neck dissections, indications and technics, 
Feb, 102 

Nenes, peripheral, lesions, diagnosis of, 
April, 432 

Neurinoma of spinal cord, protruded 
disk and, differentiation, April, 27S 
Neurofibroma of spinal cord removal, 
hemilaminectomy for, Feb , 74 
Neurogenic tumor of mediastinum, Feb, 
134, April, 290 

Nipple, Paget’s disease, diagnosis, Apnl, 
32S 

sanguineous discharge from, Apnl, 323 
Nonunion m fractures of femoral neck, 
operation for, Feb, 242 
Nose, lacerations about, Feb , 8 

OopnoRECTDsrr in carcinoma of breast, 
Feb , 126 

Osteotomy, subtrochanteric, in ununited 
fracture of femoral neck, Feb, 245 

Facet’s disease of nipple, diagnosis, Apnl, 
32S 

Pam, intractable, tn hip following re- 
moval of chondrosarcoma of ilium, re- 
lief by chordotomy, Feb , 70 
Pancreatoduodenectomy, Feb, 170 
Paralysis, abductor of laryns, arytenoi 
dectomy for, Apnl, 464 
Paravertebral sympathetic block, Feb , 
57, 58 

Parotid tumors, 480 
Patellar cartilage defect, detection, Feb, 
252 

Pauwel’s method of cuneiform osteotomy 
in ununited fracture of femora) neck, 
Feb , 246 

Pedicle grafts from ana for reconstruc- 
tions about face, Feb, 20 
Penicillin m plastic surgery of face, Feb , 
31 

Peptic ulcer, gastric resection for, man- 
agement of duodenal stump, Feb, 200 
Perforating wounds of rectum, ,4^1, 397 
Pericarditis, chronic constrictive, surgical 
treatment, April, 477 
Pericardium, resection, decortication of 
heart by, Apnl, 480 

Pennephne abscess, diagnosis, Apnt, 357 


Periosteal outer table grafts m cranio 
plasty, Feb , 37 

Peripheral arteries, arteriosclerotic, ar- 
teriography of, Apnl, 331 
nerve lesions, diagnosis, Apnl, 432 
simulating ruptured lunjbar inter- 
vertebral disk, April, 272 
Pheochromocytoma of adrenal gland, rt 
port of tw-o cases with operative re- 
moval of tumor, April, 36S 
Plasma infusions in protein deficiency, 
Feb, 192 

Plastic operations for hydronephrosis 
April, 512 
on ikulf. Feb, 33 

repair of face with pedicle grafts from 
arm, Feb , 20 

Pneumonectomy, clinic on, stressing tech 
me of operation Feb , 143 
Protein deficiency in colonic lesions, Feb , 
189 

feedmgs, oral, Feb , 190 
parenteral use, Feb, 192 

Queckesstcjt test, Feb, 84 


RAoicutms, ruptured lumbar mterver 
tebral disk and, differentiation, April, 
277 

Rectum, wounds, perforating, Apnl, 397 
Refrigeration anesthesia for amputations, 
1^/, 509 

Resection of colon, primary, Feb, 176 
stomach duodenal stump in Feb, 200 
Rib grafts in cranioplasty, Feb, 40 
Roentgen diagnosis of bone tumors, Apnl, 
414 

of certain diseases of lower esophagus, 
Apnl, 306 

of knee ;oini injuries, AprA, 404 
treatment of metastatic carcinoma m 
neck, versus surgery, Feb, 103 


Scalp, lacerations, Feb, 5 
Semilunar cartilage, loose or torn exam- 
ination for, Feb, 251 
Skull defects, repair, with special refer 
ence to use of tantalum Feb, 33 
Smith Petersen nail m fracture of femoral 
neck, Feb , tSi, ZSb 
ipinal cord, lesions, ruptured lumbar in 
tervertebral disk and, differentiation 
Apni, 272 

block, test for, Feb, 84 
cord, neurofibroma, removal hemilam- 
inectomy for, Feb , 74 
puncture, Feb , 7S „ . e-> 

diagnostic indications {'b , >ii 
headache foHoiving Feb, M 
technic and equipment, W . 
technical difficulues, 
therapeutic indications, reo, 
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Sleinmann pm in unumted fracture of 
femoral neck, Feb , 244 
Stomach, re«ection, management of duo- 
denal stump, technical details, Feb , 
200 

Submaxillary neck dissection, Feb , 107 
Subtrochanteric osteotomy m unumted 
fractures of femoral neck, Feb , 24S 
Suprahyoid neck dissection, Feb , 107 
Supraomohj oid neck dissection, Feb , 107 
Surgical diagnosis, symposium on, April, 
271 

technic, symposium on, Feb , 1 
Sutures in facial surgery, Feb , 7 
Syme amputation, indications, April, 422 
Sympathectomy, lumbar, effects, Feb , 67 
indications, Feb, 59 
technic, Feb , 56 

Syringomyelia, protruded disk and, dif- 
ferentiation, April, 278 

TAMALUit cranioplasty, Feb , 48 

Technic, surgical symposium on, Feb, 1 
Teratoma, mediastinal, anterior, A^l, 
289 

of spinal cord, protruded disk and, dif- 
ferentiation, April, 276 
Thigh, amputations, sites of election, 
Apk, 498 

Thymus, hypertrophy and tumor, diag- 
nosis, April, 287 

Thyroid gland, carcinoma, total thyroi- 
dectomy in, Feb, 100, 110 
Thyroidectomy, indications Feb , 92 
technic, satisfactory method for young 
surgeon April, 457 
subtotal, Feb , 95 
technic, Feb , 91 


Thyroidectomy, total, in carcinoma of 
thyroid, Feb, 100, 110 
indications for, Feb , 99 
Thyroid parathyroid tumors of mcdiis- 
tinum April, 287 
Tinel’s sign, April, 438 
Tuberculosis of colon, Feb , 184 
pulmonary, treatment, bronchoscopy in 
planning, April, 292 
Tumors of bone, diagnosis April, 410 
of breast, diagnosis, April, 319 
of colon, malignant, Feb , 186 
of duodenum, malignant, Feb , 163 
of esophagus, roentgen diagnosis, April, 
316 

of mediastinum, neurogenic, Feb , 134 
of parotid gland, April, 480 
of spinal cord ruptured lumbar inter- 
vertebral disk aild, differentiation, 
April, 274, 279 

UicER, peptic See Pepltc ulcer 
Urinary calculi, formation in bedrest pa 
licnt, April, 444 

Varices of esophagus, roentgen diagnosis, 
April, 318 

Varicosities, spinal protruded disk and, 
differentiation, April, 276 
Venography, A^l, 340 
Vitallium in cranioplasty, Feb , 47 

WAtKiSG lessons after debridement of 
knee joint for arthritis, Feb, 26S 
Wounds of rectum, perforating, April, 397 

7. PMSTic operation, Feb , 17, 18 
Zygomatic bone, fractures, Feb, 11 
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INTKODUCTOUV REJIARKS 
Frank H Lahey 

Tins Clinic h'ls been particularly interested in diseases oJ the colon 
and rectum, as represented by the subjects discussed in this sympo- 
sium, and has dealt with them in large numbers in late and early 
stages, together with the complications associated with them, and so 
the material presented here is the actual product of personal experi- 
ences To anyone who is aware that a very greit part of the surgery 
done m this Clinic is of an elective character, one might wonder where 
the material for the subject of Injunes of the Colon and Rectum” 
might come from in a Clmic sudi as this Dr Colcock, the author of 
this paper, is particularly qualified to present this subject since he 
was in charge of a special hospital m the Italian campaign for the 
care of battle casualties particularly confined to colon wounds 

Perhaps diere was nothing about which more was learned in this 
war than how to manage tiie injuries of tlie colon and rectum in 
battlefield casualties 

During the past few years great progress has been made in the 
management and care of the lesions of the colon and rectum In ma- 
lignancy, the operability rate has been raised, the mortality rate low- 
ered and tbe five year nonrecurrence rate increased In spite of this, 
there is still much advancement to be made in the earlier diagnosis 
of these lesions and their discovery while they are still in the pre- 
cancerous stages (polyps and adenomas) Dr Swmton has shown that 
in a study of the histones alone in the proven cases of caTcmom^ of 
the colon and rectum, they contain in practically every case the state 
ment of a complamt which should have caused the suspicion of the 
possible presence of the lesion much earlier than it did, and its earlier 
diagnosis 
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When one realizes that we ha\e dealt wth nearly 1000 cases of 
ulcerative colitis, it is evident that we have met and handled all of its 
phases ^Ve ha\ e done ileostomies in the past too late, with resulting 
mortahhes which were too high We have learned and taught our 
gastroenterologists that to wait until ileostomy is done as a last resort 
in ulcerative colitis is to court disaster in a distressmgly high per 
centage of cases, while to do it early in those cases f ailin g to respond 
to nonoperative measures results in much more satisfactory mortahty 
rates, havmg them from the previous figure of 26 7 per cent to the 
present one of 7 5 per cent 

Nothmg has made possible the extensive surgery which is necessary 
for these lesions of the colon and rectum more than adequate relaxa 
bon and quiet operating condibons, and to our anesthesiologists, who 
are by experience and interest particularly qualified to discuss the 
subject we are greatly mdebted for the favorable operating condibons 
under which the extensiv e procedures can be done 
The recent development of curare, sold under the trade name of 
mtercostm with its power of safely paralyzing nerve end apparatus for 
a bnef penod, and so accomplishing immediate relaxation of the ab 
dommal wall which will last for fifteen minutes, has more than once 
made it possible for me to easily close a ngid abdominal wall when 
the last mjecbon of pontocaine has worn off m continuous spinal anes 
thesia without the need of mtroducmg another dose This useful drug 
which IS quite safe m the hands of those experienced with its use and 
with its ability to bring about quick r^a-xabon of tlie abdominal wall 
will I prophesy be used more and more and is an mdicabon of the 
greater and greater importance of the place of the trained physician 
anesthesiologist in the surgery of todaj 
Dr Bartels discusses anuna and uremia in surgery of the right 
colon states which so frequently are associated with removal of the 
proximal secbon of the colon which is so intimately associated with 
fluid absorption I know of nothing which can postoperabvely so 
qujckij convert a pahent m good condition into one in bad condibon 
than the unrecognized effects of large fluid losses m the ileostomies so 
often done with lesions at this level Nor do I know one which can 
more quickly correct and restore the pabent to a safe state than when 
these condibons are recognized and properly cared for 
Diarrhea is a condition to which we are altogether too accustomed 
It IS an mdicabon of a pathologic state walhm the colon and neglect 
to mvestigale its cause has resulted in the unnecessary loss of life in 
more than one individual Dr Kiefer has been interested m and is 
parbcularlj qualified to discuss this subject 
Of all laboratorj evidence that obtamed bj double contrast enema 
has been most valuable m colonic and rectal lesions, m its abihty so 
often to delineate the mucosal pattern, its capaaty to demonstrate 
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polyps and to frequently distinguish the obstructions of tlie sigmoid 
due to infinmmitnry lesions from those due to mabgnancy 
^Vhlle the two conditions, Hirschsprung's disease and intestinal tu 
berculosis, are by no means common today, their occasional occur- 
rence m our hands has made it necessary to establish plans and pro 
cedures for their management 

It IS unfortunate that m the minds of many men, the term Mikulicz 
still impbes die limited procedures, the implantations of malignancies 
in the wound, and the mcomplele mesentery removal which were 
associated with the original Mikulicz operations Having been perhaps 
responsible for the modifications and extensions of this operation and 
havmg personally had as large an experience with it as anyone, 1 
have attempted to demonstrate its usefulness and that employmg it 
as we have extended it and modified it, it is possible to be even 
more radical with it than one can be by resection and primary anas 
tomosis 

In discussing the selection of the operation for cancer of the rectum, 

I have stressed our conviction that aggressiveness and radicalness 
supersede any sentiment regarding preservation of the anal sphmcter 
I have discussed our opposition to the sphincter saving operations so 
much discussed today and, based upon a large experience with the 
making of and management of colostomies, asserted that much of 
the opposition to them is based upon a lack of experience in making 
and managing them together with an attempt to meet the desires of 
patients who have no capacity to determine the immediate and ulti 
mate risk that go \vith these procedures m terms of five year survivals, 
late and early complications 

As may be seen from the titles of the arbcles m tins symposium 
and from this mtroducbon, this is a field m which all of us, surgeons, 
anesthebsts, mteimsts, gastroenterologists, hematologists, roentgenol 
ogists and orthopedists, have been interested It has been a most 
saUsfaclory one in the way of the improvement which has been accom 
phshed in it There still remain, however, great opportumbes for im 
provement m our management of these cases, and in the need for 
earher diagnosis by the family physicians who first see them, parbcu 
larly the pabents svith malignancies of the colon and rectum, and 
those pabents svith ulcerative cohbs 
Tlie greatest opportunity to improve the results m these cases rests 
in our ability and effort to educate those physicians and surgeons who 
see these pabents first hand and in their early stages, to demonsb-ate 
to them what has been accomplished and to impress upon them that 
no matter how good the present day results are in surgery of the 
colon, with their help they can still be greatly improved 
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SELECTION OF OPERATION 

Tiie selection of operation for pabents with a proven carcinoma of 
the rectum has never been diiBcuIt for us smce we have never had 
any interest or sympathy with procedures aimed toward preservabon 
of the sphincter It has been simple because we ha\ e started with the 
conception that this situation is one which demands the most radical 
operabon possible, unresbicted by any other consideration than the 
desire to do an operation which will remove the largest possible block 
of bssue about the malignant lesion We have placed aggressiveness 
of approach to a malignancy here and radicalness of removal above 
all other considerations 

The selection of operation, therefore, in our hands has been solely 
one of whether or not the patient could stand a complete abdommo 
sacral removal of the lesion in one stage or, because of consideration 
mv olving a possible fatality, would require a two stage procedure 

As we have become more and more experienced and confident with 
the operabon of abdominoperineal removal of the rectum, we have 
progressively decreased the number of patients on whom vve have em 
plo>ed the tiio stage operation which I devised and described in 
1935 > 

There are still, however, occasional cases, not over 15 per cent, 
m which this operation will prove advantageous They are particu 
larly those patients who have an abscess or an inflammatory process 
associated with their lesion The implantahon of the upper loop of 
the sigmoid or descending colon into the left rectus with the division 
of the mesentery down to but not through the inferior mesenteric ves 
sels, thus preserving the blood supply to the lower segments, with 
the implantation of the lower segment of the divided sigmoid above 
the pubis, together with the suturing of the omentum to the "V” cut 
in the mesentery to prevent adhesions, will in these lesions permit die 
div ersion of the fecal sbeam, the quieting down of the inflammatorj 
process in the segregated rectum and the drainage of an abscess 
associated with the lesion 

By means of this operation the second operation, as we have pre 
V lously written, in these lesions associated with an mflammatory proc- 
ess or abscess may be approadied with the small mtestme walled ofi 
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in the upper abdominal cavity, with the lesion practically segregated 
from the rest of the abdomen in the pelvis, and in a patient who as 
the result of the first stage not only has a well established colostomy 
which IS functionmg but has a higher degree of immunity to the 
infection segregated m the pelvis than would have been the case were 
this operation attempted m a one stage procedure 
We have also occasionally employed this two stage procedure in 
the extremely fat individual m whom the operation of abdomino- 
sacral removal of the carcinoma of the rectum can be as technically 
difficult as any operation with which I personally have ever dealt As 
one becomes experienced ivilh the one stage abdommosacral opera* 
tion there ivill be but few cases m which this procedure will be nec- 
essary 

1 can discuss the selection of one stage nbdomtnopcrmcal resection 
of the rectum together with the possible selection of an operative pro 
cedure for this lesion which is concerned witli preservation of the 
sphincter either by implantation of the upper segment of colon into 
the perineum or by pelvic anastomosis with the preservation of a 
rectal stump, by saying that we do not employ the latter operation 
(preservation of the sphincter), as has already been stated, and for 
the following reasons In an expenence now ivith something over 2000 
carcinomas of the rectum and colon, we have become more and more 
convinced that the technical difficulties of removing particularly low 
large and advanced malignant lesions of the rectosigmoid can be and 
frequently are very great If one is to maintain a high operability rate 
some of ffiese lesions must be removed which are so large as to almost 
completely fill the pelvis and Iea^ e room only for finger and hand dis- 
section In spite of the fact that the natural spread of carcinoma in 
lesions of the rectosigmoid is upward, during the period when we 
did a number of antenor resections leaving the lower segments be 
hind, there were so many recurrences within the lower segment that 
this operation anterior resection, avoiding as it does the penneal re 
section, was ultimately abandoned As we have stated before we are 
anxious m operations for carcrooma of the rectum and rectosigmoid 
to accomplish three things the removal of the greatest amount of 
bowel tube, the greatest number of adjacent lymph nodes, and the 
greatest block mass of adjacent blood vessels 
We are particularly concerned with the latter feature because a 
follow up study in 1800 cases of carcinoma of the rectum showing 
90 per cent five year nonrecurrence rate in the patients with no gland 
metastases, no adjacent structure metastases and no blood vessel mva 
Sion, 37 per cent five year nonrccmrence rate in those avith only gland 
invasion, 30 per cent five year nonrecurrence rate in those with gland 
and adjacent structure invasions, and 14 per cent five year nonrecur 
rence rate in those ivith blood vessel invasion, prompts us to so plan 
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our operative procedure that we can include not only the greatest 
amount of bowel tube and gland structure but also the greatest num 
ber of blood vessels adjacent above and below the mahgnant lesion 
It IS for these reasons that we do not \vish to employ any procedure 
which limits in any way the radical accomplishment of these three 
features 

We are further opposed to any operabon concerned with preserva 
tion of the sphincter because of the fact that the upper tube of bowel 
which must be brought down either into the perineum or for the 
pelvic anastomosis to the lower stump of rectum, has a blood supply 
of such character as to either limit the length of tube which can be 
pulled down based upon its nourishing trunks, sigmoidal or left 
colic, or when pulled do^vn is nursed solely by its anastomosing mar- 
ginal branches We do not believe that one can fad to be m some 
measure concerned with the amount of sigmoid and ascending colon 
removed together with their adjacent lymph bearmg mesentery, with 
out having m mind whether or not sufficient colon remains to be 
brought down to the pelvic floor We wish ratlier to be m the posi 
bon where if there are lymph nodes at the root of the mesentery, 
we can remove rectum, sigmoid and ascending colon, together with 
Its mesenteric root if necessary up to the point where the jejunum 
becomes retroperitoneal m the jejunal fossa and if necessary, make 
the colostomy where the descending colon joins the splenic flexure 
or in the transverse colon We are further opposed to tlus procedure 
by the fact that low extrapenloneal anastomoses below the level of 
the peritoneal diaphragm have been and wdl continue, we believe, 
to be complicated postoperabvely by a varying number of strictures 
and fecal fistulas at this level In a recent discussion before the 
Southern Surgical Society on a paper by an author advocating pelvic 
anastomoses I said and wish to repeal that we are more concerned 
senbmentally with a higher percentage of five year nonrecurrence 
rates than we are \nth the anal sphincter It has been my experience 
m life and in surgery, as stated in this discussion, that never does 
one get somethmg for nothing and it is my convicbon that to retain 
the anal sphincter one pays in the mortality rate and m the five year 
nonrecurrence rate some as yet to be determmed price in the ability 
to handle successfully advanced cases of carcinoma of the rectum 

It will take a long time to determine by comparable figures whether 
or not some of these statements which I have made are sound It will 
lake bme to accumulate data regarding mortality, comphcalions and 
the percentage of recurrences Even then this will be difficult because 
comparable statistics will be available and useful only when there is 
comparable operability Before leaving this comparison bebveen tliese 
two types of operation, I wish only to say that, based upon his own 
personal interpretation of what the ojperalions offer ultimately m the 
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above stated final figures available in later years, one must choose 
today between these two types of operation We have unhesitahngly 
chosen tlie one which attempts to accomplish but one thing, and that 
IS, to cure the greatest number of people of cancer of tlie rectum by 
the most aggressive approach to the problem that we can undertake 
As I have stated, a great deal of controversy which will properly 
and inevitably arise concerning these two operations will be based 
upon a difference of opinion of how undesirable a colostomy is We 
start, after a very large experience with ’colostomies, very much less 
prejudiced against it than many who have had less experience with 
patients who have had colostomies with the lesion removed I feel 
very strongly that much of the prejudice against colostomy m the 
mind of the layman is based, as I have repeatedly stated, upon their 
expenences wath palliative colostomy in which the undesirable fea- 
tures are more the result of the lesion and its consequent complica- 
tions than of the colostomy itself It is unfortunately true and will 
continue to be so that the people who have palliative colostomy are 
and should be bitterly articulate, together with all of their friends, 
of how undesirable it is, while the people who have a colostomy after 
the lesion has been removed and who are so satisfied with it are in 
articulate since they are not anxious to advertise to the world that 
they have had a cancer or that they are different than other people, 
and so attain positions in the world as objects of cunosity and com 
ment We, however, who are their confidants know better than almost 
anyone but the patients themselves how well these people can now 
be managed with diet, and how active they can be in all of the 
phases of life with which they were concerned before the colostomy 
was done We are confident from a large experience with these colos 
lomy patients that it is now possible to establish colostomies and to 
educate people in their management so that bags are no longer neces 
sary I have devoted a considerable portion of this discussion to this 
feature because the preservation of the sphincter operation has been 
discussed so much of late, because it has such a sentimental appeal 
to the patient, because it will have a popular appeal by making many 
patients accept abdominosacral operahons with greater reluctance 
tlian such an operation with loss of their sphincter, and because pa 
lients have no capacity whatever to comprehend the additional risk 
vve think they take with the more conservative sphmeter preserving 
operation They have no knowledge of how well colostomies can 
be managed, and because of these facts I feel the personal respon 
sibihty to go so forcibly on record in a comparison of these two 
procedures 

One of the most difficult decisions to make in patients with obstruct 
ing lesions in the sigmoid is that m which one cannot be certam that 
die obstructing lesion is due to an mflammatory process associated 
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With diverticulitis or due to malignancy Frequently diverticulitis is 
coincidentally associated in carcmomatous lesions and we frequently 
have this difficult decision to make A procedure which I have found 
useful when in doubt in this situation is to cut the sigmoid well above 
and below the lesion between Ochsner clamps tying the mesentery 
midway between the bowel and supenor hemorrhoidal artery give 
the segment to the pathologist and await an immediate biopsy report 
If the lesion be malignant the superior hemorrhoidal artery can be 
tied below the promontory of the sacrum the lower end of the rec- 
tum closed and covered with a rubber dam and the radical operative 
procedure continued If it pro\cs to be due to an mllammatory lesion 
only either a temporary colostomy with later closure after defunc- 
tionalizing the two segments of bowel can be established or if one 
wishes to undertake the hazard which with the often associated m 
flammation I think is considerable an immediate end to end anas 
tomosis can be done This is a metliod by which \vith relatively little 
risk one can be certain as to the presence or absence of a malignant 
lesion m an obstruction largely due to an inflammatory process 

LIMITATIONS OF OPEItABILlTY 

No discussion of selection of operation for carcinoma of the rec 
turn or rectosigmoid would be complete or really useful without 
some remarks on what are the limits of operability in lesions of this 
sort Operability in carcinoma of the rectum is related to but a few 
points One is how worth while in terms of prolongation of life or 
possible cure is the operation in the face of an extensive lesion^ 
Second as the result of the extent of the lesion is it removable? 
Tliird IS the extent of such a character that the structure into which 
it has spread can or cannot be remo%ed with it? 

Perhaps the first discussion should concern the palliative remo\al 
of lesions such as carcinoma of the rectum or rectosigmoid in the 
presence of li\ er metastases We have proven in follow up studies 
here and in a considerable experience with the palliative removal of 
lesions in the presence of moderate metastases in the liver that these 
patients live nearly twice as long are much more comfortable while 
they Ine and die infimtely less distressing deaths We tlierefore do 
not hesitate to remove the lesion if there be a limited number of 
metastases wathin the liver because of the above fact but if the 
metastases be large and numerous we do not believe that it is then 
good judgment even to do a palliative removal 

I wish to speak parbcularly of the type of lesion that I am sure 
when present in patients often results in unjustified rejection of the 
case as inoperable and that is the type of carcinoma at the recto 
sigmoid which has leaned against the back of the uterus and involved 
that structure by contact This is not a dangerous type of extension 
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We liTve now done combined abdomuiosncrnl removals of tlie rectum 
together with total hysterectomy, including tlie removal of the tubes, 
ovaries, and often a considerable part of the vagina in these cases, 
and It does not materially add to the mortality rate A number of these 
patients are now alive and well without recurrence over a number 
of years I feel that many surgeons are probably still in the place 
where I was personally some years ago, again before we had had 
such a large experience, when I would unliesitatingly have rejected 
such a case as inoperable 

There is another place where this same situation anses and tliat is 
m low carcinomas of the rectum directly over the prostate, m which 
die central excavation that so frequently occurs in carcinomas of the 
rectum and colon has continued through into one or both lobes of 
the prostate These cases are not to be rejected as inoperable because 
as the rectum is turned down behind, the entire prostate can be 
shaved off xvith a knife or with a fulguration apparatus including that 
invasive portion of the malignancy which has involved it We have 
all employed tins maneuver and have patients alive and well over 
five years in whom this comphcation has occurred 
Perhaps nothing disturbed me in my early experiences with carci 
noma of the rectum more than the large lesions of the rectum which 
were adherent to the bladder 1 was so fearful that such lesions had 
invaded the bladder that I am sure I rejected some of these that 
we would now unhesitatingly remove It is rare that carcinomas of 
the rectum directly invade the bladder Even in the late lesion we 
have been able with good exposure, good light and careful dissection 
to get the back wall of the bladder off most of these lesions It is 
true that in an occasional advanced lesion we have tom holes m the 
bladder We have been able to suture them, howeaer, and unless 
these male patients have an obstructing prostatic lesion most of the 
posterior urinary fistulas which result hive healed The important 
feature, 1 beheve, which should determme that a lesion adherent to 
the bladder is inoperable is that which can be demonstrated by 
cystoscopic examination, and that is the direct evidence under visual 
ization of infiltration of the postenor bladder wall, as seen through 
the cystoscope 

One really convincing feature of inoperability m carcinoma of the 
rectum is fixation, particularly to the lateral wall When the carcin- 
oma has so extended laterally that on rectal examination it is fixed 
and extensions can be felt out into the lateral wall, it is truly not 
removable Fixation, however, to the hollow of the sacrum does not 
mean that the lesion cannot be removed Many of these lesions can 
be separated by determmed effort from the hollow of the sacrum and 
so mobilized that they can be removed, but if the fixation is firm 
and with a wide base, this is probably an inoperable lesion 
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There is one complicating lesion about which I wish to speak that 
may occasionally disturb a surgeon who has not had to settle such 
a situation and that is the type of puckering endometriosis due to an 
implant upon the rectum with induration mvasion nodularity and 
the firmness which so often diamctenzes malignancy This can be 
settled by biopsy by the demonstration of other plaques of endo 
metriosis and often by putting a sleeve on one arm with an extra 
glove and with the abdomen open with one finger m the pelvis and 
the other in the rectum demonstratmg that the lesion is an extra 
bowel implant due to the fact that the mucosa is intact thus aiding 
m the diflFerenbation between a true carcmoma with its eroded center 
and raised peripheral edges os opposed to the external implant Avith 
out erosion of the mucosa that is so often found with endometriosis 

MIEOPERATIVE PREPARATION AND ANESTHESIA 

One cannot discuss the tedimcal measures related to abdommo 
perineal removal of cancer of the rectum without discussing first ttvo 
very important features (1) preoperative preparabon and (2) ones 
tlicsia 

Time spent m the few days before operation getting these pabents 
prepared by emptying their bowel regulating their diet and the use 
of colon antiseptics depending upon whether or not one feels they 
are necessary is well spent I wish particularly to warn from my 
own experience with our own gastroenterologists of the necessity in 
pabents who have even within the previous one or two weeks had 
barium to be sure that the barium has been completely removed 
from their colons Nothing can be more disbessmg to the surgeon 
than to have to deal with a sigmoid filled with the firm rock like 
masses which one so frequently sees after the adminisbation of 
banum 

In spile of the fact that tlicse pabents have been given castor oil 
and various other vigorous cathartics we have occasionally found 
that such preparabon had not removed these sohd masses and they 
have presented real technical difficulbes in the management of the 
lesions at the time of operatmg 

No one who undertakes an abdominosacral operabon can ever be 
sure how long it will take Some of them can be done quickly and 
easily and some will take an unexpectedly long bme For that rea 
son we have unhesitatingly chosen fractional spmal anesthesia as the 
anesthesia of choice for these cases 

This type of anesthesia provides anesthesia of any desired extent 
^Vhen the abdominal operabon is completed a final mjecbon of anes 
thebe IS made msurmg thus the contmuabon of the anesthesia with 
the needle withdrawn after the patient is turned over so that the 
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posterior resection can be done in such a time as to be completed 
before this last dose of spinal anesthetic wears off. 

The satisfaction, the relaxation and quietness provided by this 
means of anesthesia have been a source of great comfort and con- 
venience to us, and I am sure it has made many of these difRcult 
procedures in fat people and with large lesions very much easier. 

There are two or three things that are necessary to mention. One 
is that the vagina in all women should be carefully prepared because, 
particularly in women who have had children, with rectoceles, the 
posterior vaginal wall will be very closely adherent to the anterior 
wall of the rectum. It wll often be necessary to put one’s finger into 
the vagina in these cases and there will occasionally be cases in 
which the vaginal mucous membrane will be punctured. It is there- 
fore desirable that this structure be sterile. 

We have always put indwelling catheters in men and women. In 
both sexes it is desirable that the bladder be collapsed and remain 
collapsed in order that exposure in the deep pelvis may not be handi- 
capped by bladder distention. 

In men it is extremely desirable to have an indwelling catheter in 
place because as the rectum is separated from the prostate and vesicles 
and as one approaches the lowest end of the prostate, it is a great 
comfort to be able to palpate the catheter in the prostatic urethra as 
it passes beneath the transverse pcrinei and to be sure to avoid it 
as the rectum is dissected off the back of the bladder, prostate and 
perineal muscles from behind. 

We have never found it necessary to put ureteral catheters in tlie 
ureters in order to identify them. This is largely due to the fact that 
we are dealing with these ureters constantly. I have many times been 
asked by men whether or not there is any objection to doing this. I 
am certain if I were beginning my operative experience \vith carcin- 
oma of the rectum, that I would unhesitatingly place ureteral cathe- 
ters in the nreters in order to make their identification in the posterior 
part of the operation easier. I would have no pride whatever about 
this, and would much rather take this precaution than the risk of 
injuring one of them. 


THE OPERATION 

Abdominosacral Portion.— Our incisions for abdominosacral re- 
moval of cancer of the rectum have in the later years all been 
through the left rectus. The incision is carried well do^vn and well up 
in order to get adequate exposure, which can be accomplished very 
satisfactorily through this incision. We have employed a left rectus 
incision always because through it the dissection can be made and 
in it the colostomy can be implanted. 

With the abdomen opened we have settled operability on the 
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basis of the size of the lesion, our estimate of its removability, 
whether or not it has infiltrated into the lateral walls of the pelvis 
svith fixation as we ha\ e already discussed, whether or not it is fixed 
to the sacrum, whether or not it is fixed to the bladder and whether 
or not it has any degree of mobility If it has no mobihly and is 
firmly fixed, it is rejected Further determination is settled on 
whether or not there are peritoneal implants, the height of nodes m 
volved, the number of nodes involved, the character of the nodes and 
whether or not there are metastases m the liver 

With the abdomen well open and explored and the determination 
made that the lesion is operable, it is now important to completely 
wall off the pelvis by holding back all the loops of small intestme 
and the head of the cecum m the upper abdomen with large hot 
wet pads This provides an exposure similar to that which is obtained 
in abdominal hysterectomy 

With the wound edges ivell retracted and with a good light, the 
sigmoid IS now mobilized by severing its lateral attachment as it 
spreads onto the descending colon and the developmental band which 
fixes It to the left iliac fossa As it is turned inward, one first observes 
the ovarian vessels m the female and the spermatic \essels in the 
male These two structures should warn one that the next structure 
to be seen as one lifts the mesentery of the sigmoid off the pelvic wall 
is the ureter Often on the left side this will be found to be very close 
to the mesenteric roots of the sigmoid 

With the ureter found, it is mobilized outward to the left carefully 
m order to avoid the possibibty of hgating it or including it in the 
ligature when the root of the mesentery, including the inferior mesen 
tenc vessel is tied 

Such is the position of the right ureter that there is very little 
likelihood of including it in this mesenteric root ligature This is not 
true however, of the left ureter which is often so close to the root 
of the mesentery that unless it is mobilized outward to the left, it is 
in danger of being included in the ligature 

With the ureter visualized it is carefully wiped out and dissected 
along Its lateral course in the pelvis The lateral fold of peritoneum 
running from the pelvic wall onto the rectum is incised well down 
m the female, to the back of the vagina and in the male to the back 
of the bladder This accomplishes complete mobilization of the sig 
mold and permits one to hold jt up so that it hangs by its root It 
can now be carefullj palpated for nodes and its blood supply m all 
but extremely fat people plainly visualized and the point on the sig 
mold at the junction of the sigmoid and descending colon which is 
to be selected for the colostomy is now determined A small rent is 
made in the mesentery next to the colon and a retaining sling with a 
gauze stnp is placed about it to fix the point at which the two 
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Ochsner clamps are to be put on the bowel, bet\veeti which the 
bowel IS to be severed and the proximal end to be the colostomy 
With the sigmoid now pulled to the left, and the pelvis well e\ 
posed, the right ureter may be seen passmg beneatli the pentoneum 
and along the pelvic wall Tlie parietal peritoneum on the root of 
the mesentery and beside tlie rectum is now incised with long scis- 
sors and the dissection of tlie parietal pentoneum carried down again 
in women to die back of tlie vagina and m men to the back of the 
bladder This and a similar incision on the left are joined across the 
back of the vagina in tlie female and across the back of tlie bladder 
in the mile, and completely separate the rectum from its parietal 
peritoneal attachments 

A finger is now inserted along the hollow of the sacrum to demon 
strate the line ol cleavage into the pelvis It is gradually separated as 
fingers are introduced into tlie hollow of the sacrum until the rectum 
witli Its mesentery is detached m tlie hollow of the sacrum down to 
and beyond tlie tip of the coccyx 
Attention is now directed to separating the anterior wall of the rec 
turn in females from the back of the vagina and m males from the 
back of the bladder 

As the peritoneum on the back of the bladder is cut across, joining 
tlie two lateral mcisions in the pelvic pentoneum to free the rectum 
from its pelvic attachment, care is taken m the male that this incision 
IS made well up on the back of the bladder and not deep in the fossa 
of Douglas It IS extremely important to have a flap of peritoneum at- 
tached to tlie back of the bladder which can be grasped with Oclisner 
or right angle clamps, thus establishing the line of cleavage between 
the back of the bladder and its attached vesicles and the anterior wall 
of the rectum With this fold of peritoneum grasped, it is possible to 
introduce scissors or ones fingers into this well established line of 
cleavage, by which the bladder, ureter and vesicles can be pushed 
forward and the dissection between the rectum and the bladder car- 
ried by the fingers well down over the back of the prostate 

In the female the dissection can be earned similarly well down over 
die back of the vagina 

With the hollow of the sacrum freed from the rectum and its mesen 
tery with tlie bladder, ureter and prostate in the male separated from 
the front of the rectum and the vagina from the front of the rectum 
in the female, the rectum now hangs only by its lateral attachments 
and with the rectum pulled first to one side and then to the other, 
these lateral bands and attachments can be severed under direct 
vision until the middle hemorrhoidal opposite the lower level of the 
vesicles in the male and die detachment of the rectum from the 
upper back of the vagina m the female is reached 
With the rectum pulled first to one side and then to the other as 
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these lateral bands and ligaments are visualized and cut, the ureter 
on either side can be quite plainly seen, its course visualized and 
injury to it avoided 

With the high operability rate which we have had (83 per cent), 
there have been many of these lesions removed which have been of 
such size that the dissection of the pelvis under direct vision was not 
possible In such cases the lateral attadunents of the rectum can be 
freed only by finger dissection, and so large has the lesion been in 
certain of these cases that it has not been possible to demonstrate, 
clamp and ligate the middle hemorrhoidal vessels at this stage It 
has in certam of these cases been necessary to tear these vessels and 
to control the bleeding posteriorly when the lesion was deh\ered 
from behind There have been certam of them m which no bleedmg 
has occurred following their rupture dunng the finger dissection It 
IS, however, not safe to assume that dangerous hemorrhage, if they 
are not ligated, cannot occur from them We have had a few cases m 
which senous bleedmg postoperatively has resulted following the 
removal of very large lesions from unligated middle hemorrhoidal 
vessels Wo believe that in practically all cases these can be found 
and ligated and that tins is the plan of greatest safety, and when 
not found they should be tied in the posterior operation 

With the hollow of the sacrum freed, with the lesion freed from 
the back of the vagina m the female or the back of the bladder m 
the male, with the lateral hgaments all severed, the lesion now read 
ily IS lifted out of the pelvis and can be delivered up into the abdom 
mal wound 

With the lesion now freed from its position m the pelvis and de 
livered the mesentery on or above the promontory of the sacrum, 
dependmg upon glandular involvement is now carefully ligated start 
ing close to the bowel, until finally the mam trunk nourishing the 
lower segment, the infenor mesenteric, is doubly hgated with chromic 
catgut 

We are so anxious m complymg with the requirements which I set 
down early in this paper that is, the removal of the largest amount 
of bowel, greatest number of glands and the greatest number of 
adjacent blood vessels that we have preferred to make our colostomy 
at the junction of the descendmg colon and the sigmoid, and to re 
move the sigmoid with its adjacent mesentery so that the ligature of 
the infenor hemorrhoid is at and frequently above the promontory of 
the sacrum 

This radical plan of removal results m there bemg a long loop of 
bowel frequently above malignant lesions and of such length that it 
can be reduced mto the pelvis between the first and second stages 
only with difficulty It has been our custom when this loop is of any 
considerable lengA, to resect it, leaving only a small segment above 
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Fig 244 —The mobilization of the rectum and sigmoid, together wth the 
tumor, has been completed The blood supply has been tied and a tumor fairly 
high IS purposely sho^vn in order to demonstrate how necessary it is m many of 
these cases to remove the entire sigmoid m order to obtain adequate removal of 
bowel tube, node bearing area and adjacent vessek 

Note the removal of the tumor with the extra bowel between clamps to avoid 
havmg to place such a large amount of bowel m the pelvic cavity 

Note also that the lower segment is cut between a hgature of the bowel and 
an Ochsner clamp This will be cut with the cautery in order that a rubber cover 
may be put over the lower end, as descnbed in the text 


in these cases m which radical removal is accomplished by high liga- 
tion of the root of the mesentery and by the excision of a long seg- 
ment of redundant sigmoid, together with the rectal segment of 
bowel (Fig 244) 
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There have been numerous instruments devised whereby a clamp 
placed upon the bowel between whidi one is to sever the colon 



Fig 245— The entire extent of sigmoid and tumor shown in Figure 244 lias 
leen removed and a rubber cover bed over the upper end of the rectum, the rec* 
urn being reduced into the pelvis. Note also that the flaps of pelvic peritoneum, 
vhich are to be the diaphragm to cover llie rectum reduced into the hollow of 
he sacrum, are being mobilized Note the upper end of tlie sigmoid, covered 
vith gauze, which is to be sutured m the abdominal wound as the colostomy 
When tlie rectum is completely reduced the rubber covered end will be 
lushed mto the hollow of the sacrum so that it will be next to the coecj-x, as 
tated m the text, and easy to find m the posterior lesecbon 

md reduce the lower end with the clamp attached into the pelvis. An 
■xample of this clamp is the De Martel damp. 

We have not employed this for the reason that a good sized metal 
•lamp occupies a good deal of space in the pelvis and as the segment 
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of bowel implanted in tlic pelvis is pulled out from behind, can tear 
pelvic veins and result in considerable bleeding. 

We have been much better satisfied with a rubber dam covering 
tied over the end of the bowel, as shown in Figure 245. This is soft, 
inexpensive, always at hand, occupies no particular space in the pelvis, 
and does not have tlie disadvantage of dragging against the pelvic 
'vall. 

In introducing the lower segment of bowel into the pelvis, it is 
important to push tlie rubber covered end of the rectum into the 
pelvis first. This end is guided along the hollow of the sacrum so 
that it rests just beneath the coccyx (Fig. 245). Tins is of great ad- 
vantage in the posterior removal as it presents close to tlie wound as 
the incision is made in the pelvic fascia in front of the coccyx, and 
as the pelvis is entered from behind the rubber covered end of the 
bowel may be grasped, pulled downward and the rectum delivered 
from behind so that it hangs only by its attachments to the prostate, 
the transverse perinei and the levators (Fig. 246, h). 

Witli the lower segment of bowel and rectum reduced into the hol- 
low of the sacrum, one must now obtain a good diaphragm of pelvic 
peritoneum (Fig. 244). This is best obtained in the male from the 
back of the bladder and the lateral attachments of the parietal perit- 
oneum to the pelvic wall. These are grasped with Ochsner clamps, 
the fingers are gently inserted beneath the peritoneum, and it is 
freed by finger dissection from the pelvic wall, care being taken par- 
ticularly on the rigid, since the ureter here has not been demonstrated 
and is attached to the peritoneum, that that structure is not injured. 

There will be no cases in our experience, no matter how extensive 
the lesion, in which it will not be possible, xvith persistence and care 
and gentle dissection ^vith the fingers, to obtain an adequate amount 
of pelvic peritoneum to close the diaphragm over the reduced seg- 
ment of rectum. 

In the female one may utilize the reflected fold of peritoneum over 
the broad ligament and in the male one xvill find a layer of well- 
established and developed fascia attached to the spermatic vessels on 
the left which can be freed similar to the way parietal peritoneum 
can be freed. The left spermatic vessel with this layer of fascia can 
be sutiu-ed to the right leaf of parietal peritoneum and, particularly 
where the sigmoid has been mobilized from the left iliac fossa, has 
often in my hands proved extremely valuable in obtaining a good 
diaphragm to close o5 the pelvic fossa. 

We have learned a few things concerning the establishment of a 
diaphragm over the reduced segment of rectum. It is not possible to 
suture this diaphragm in any accepted lines. One must suture in such 
direction as is possible, based upon the amount of diaphragm of perit- 
oneum and pelvic fascia available. There is one rule, however which 
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There have been numerous instruments devised whereby a clamp 
IS placed upon the bowel between winch one is to sever the colon 



Fig 245— The entire c'stent of sigmoid and tumor shown in Figure 244 has 
been remosed and a rubber cover bed over the upper end of the rectum, tlie rec- 
tum being reduced into the pelvis Note also that the flaps of pelwc peritoneum 
which are to be the diaphragm to cover the tectum reduced into the hoUow of 
the sacrum, are being mobilized Note the upper end of the sigrnoid, covered 
witli gmze, which is to be sutured in the abdominal wound as the colostomy 
Wiieu the rectum is completely reduced the rubber covered end will be 
pushed into the hollow of llie sacrum so that it will be nert to the coco^ as 
stated m the text, and easy to find m the postenor resection 

and reduce the lower end \vith tihe clamp attached into the pelvis An 
example of this clamp is the De Martel clamp 
We ha\ e not emploj ed this for the reason that a good sized metal 
clamp occupies a good deal of space m the pelvis and as the segment 
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I wish to warn here particularly of the necessity of watching colos- 
tomies postoperatively Since all colostomies live on a limited blood 
supply, so often the marginal vessel which runs along the mesentery, 
It is important that colostomies be inspected daily for at least five or 
six days against the possibility that as the result of coughing and 
vomiting the mesenteric root of the colostomy has been tom, resulting 
m the loss of its blood supply 

Should a black bowel be seen within the first four days, it is always 
possible to reopen the wound, pull out adequately nourished bowel 
and again implant it in the wound Should one wait, however, for 
five or six days when the necrotic bowel has sloughed before discover- 
ing it, it can result in perforation, contamination, peritonitis and a 
fatality This is not only important in a colostomy but m any type of 
implantation of intestine within the abdominal wall, notably ileostomy 
for ulcerative colitis 

Posterior Resection.— The perineal approach to the removal of tlie 
rectum for cancer in the abdominoperineal operation is made easy or 
difficult by how well the abdominal portion his been done, how 
freely the rectum has been detached from the sacrum and the bladder 
or vagina from its lateral will attachments If the abdominal porbon 
of the operation has been well done, at its completion and when tlie 
freed rectum is reduced into the pelvis and covered by its diaphragm 
of peritoneum, it will be attached only m front, in women, to the 
back of the vagina and the perineal muscles, and in men, to the 
prostate, urethra and to the levators laterally 

If the first portion of the operation has been so thorou^ly com- 
pleted that these attachments only remain, the penneal removal will 
occupy not more than fifteen or twenty minutes, depending on how 
much time is consumed in controlling the annoying small bleeders 
that are met here 

If the operation has been thoroughly completed from above, the 
penneal approach U'jII permit accurate visuahzahon of all the anat- 
omic structures in this field— in the male, the attachment of the 
levators to the side, tlie vesicles, the prostate, the back of the bladder, 
the membranous urethra, the transverse permei, and in the female 
one will be able to wipe off accurately from the anterior wall of the 
rectum the lax posterior vaginal wall, cut the levators on either side 
and demonstrate the penneal muscle (Tig 246) 

We have over the years tried every type of position for this portion 
of the operation We have now for several years employed the lateral 
posibon, tvith the patient on his left side, lower leg straight, the n^t 
leg pulled up, the buttocks sticking over the edge of the table, and 
an adhesite strap applied to the upper buttocks and then stuck on 
1 S the anal region 

(Fig -^6, a) This is by far the easiest position m which to obtain 
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Fjg 246 —a. The patient 15 m the lateral position and an adhesive strap is 
applied to the upper buttocks which will be stuck onto the table and thus pull 
the gluteal folds apart This ilhistration also shows the black braided siDc purse 
string stitch inserted about the anus and tied to close it with the ends left long 
to serve as a tractor 

The skin incision which is to surround the anus is shown by a shaded hne 
from the bp of the coccyx to the midpcnneum 

b. The rectum has been tuiocd out Note the rubber covered end of the rec 
tuni which ivas found as soon as the mcision was made m front of the coccyx 
which enten the pelvic cavity 
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exposure of the entire penneum and pelvis and tlie one xvhich pro 
duces the least undesirable strain upon the patient 
Early m our experience we employed the Haynes or Buie position, 
with the patient face doivn, the table broken and the anus presenting 
directl), which is so useful m operations for fistulas or hemorrhoids 
In operations often occupjmg a considerable penod of tune and with 
patients in whom because of their age and poor condition shock 
easily results, this is a x ery undesirable position 
It was demonstrated bj Alfred H Miller, an anesthetist in Provi 
dence, R I , b> tracings some tune ago, that patients under any t>’pe 
of anesthesia which ivill produce abdominal relaxation, breathe almost 
entirely walh their diaphragms It is obMOus, tlien, that when patients 
are placed upon their abdomen, particular!) with the head down, the 
contents of the abdominal cavity not only grantate against the 
diaphragm but that the weight of the body upon the lower nbs fur 
ther hampers the excursion of this structure which takes place with 
this degree of anesthesia Because of the drop in blood pressure which 
occurred m this posibon, we many years ago ga\ e up this position to 
employ the lateral one prex lously described 
We ha\e nexer been interested in undertaking operations upon the 
rectum on a patient in the hthotomy position For us this is the 
most undesirable position of the tlirec here mentioned, permitting as 
It does, the uterus and the xagma m the female and the bladder in 
the male to sag doxxai, interfere with the exposure and make difficult 
the visualization posteriorly of the important anatomy in the pelxis 
With the patient in the lateral position and tlie rectum out the 
entue pelvis can be dried out the ureters seen, the middle hemor 
rhoidal xessels inspected the hollow of the sacrum examined for ooz 
ing X eins, and any bleeding which has not been controlled from abox e 
visualized and controlled at this time 


Note that \ntli the rectuir turned down and the dissection done well from 
abo\e the >esicles and prostate are eriiosed tlie line indicates at the apex of the 
prostata the point where Uie membranous urethra may be felt with the catheter 
in It, 

Note on the side the last le\ator altachments which when sexered and tlie 
rectum pulled to the opposite side permits the sexenng of the levator attachment’^ 
on the other side and tfie complete dclixeiy of the rectum Note the transxerse 
pennei shoxvn in the drawing just above the membranous uretlin beneath which 
the membranous urethra tlisappean 

c, -pie wound is completely dosed and a reasonably small cigaret dram is 
inserted nexer against the coccyx never at the lower part of the wound but 
always m the center of the xvound to avoid osteom>ehtis which occurs from con 
with the «)cc)-x this also avoids m the male resting the dram agamst the 
otten uncovered membranous urethra 

It IS Uiis closure which permits prachcaUy first mtenlion healing m tl.ese 
pabents and gettmg them out of lied at an early dale and out of the liospital 
without a prolonged stay 
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With the patient in this position and with this exposure, tlie heavy 
black silk stitch completely enarcles the anal canal and is tied tightly 
(Fig 246, a) The ends are left long and an Ochsner clamp is applied 
to them in order to make traction upon it and pull the anus out, which 
makes it easy to surround the ami canal with a skin incision The skin 
incision IS started in front of the coccyx or a little above it, passes 
down on one side and on the other side of the anus in the female to 
a point midway between the anus and the back of the vagina, and in 
the male to a pomt midway between the anus and the back of the 
scrotum (Fig 246, a) The lateral skin incisions are deepened to the 
glutei, the ischiorectal fascia is demonstrated, the perineum is dis 
sected deeply until in the male the median tendon of the transverse 
perinei is demonstrated in the female until the vagma has been dis 
sected well up to the point where the posterior wall is attached to 
the front of the rectum 

With this amount of dissection completed, with the tip of the 
coccyx visuah 2 ed, an incision is made boldly through the pelvic fascia 
until the opening enters the pehis where the rectum has been freed 
from it With a finger m the open pelvis it is hooked laterally, which 
brmgs into view the le\ators on either side Tliese are cut down on 
either side the rubber covered end of the rectum can now be visual 
ized the rectum pulled out of the posterior wound and held forward 
which promptly allows \ isuahzation of the vesicles and prostate in 
the male and the back of the vagma in the female (Fig 246, h) In the 
male these structures are carefully wiped off unbl the apex of the 
prostate and the membranous ure^ra with its contained catheter can 
be seen or felt care being taken at this pomt as further dissecbon is 
earned on not to carry the dissection beneath the transverse pennei 
(Fig 246, b) 

In the female the \ ngina is gradually wiped down, the levators cut 
on either side until the rectum hangs laterally on either side by its 
last lev ator attachments 

With the rectum now held only by its lax levator attachments 
these are cut on one side the dissection being carefully canied in 
the male external to the transverse permei and in the female care 
being taken not to enter tlie attached vagina One side of the rectum 
is dissected free, the rectum rolled to the other side and with scissors 
the levator attachments of the remaining side severed 

With the abov e steps completed, the rectum is now completely de 
tached and all bleeders in the perineum and in the flaps of skm of 
the buttocks are carefully controlled With a good light and with 
Denver retractors, the hollow of the sacrum is visualized, any accumu 
lated clot wiped out, the middle hemorrhoidal vessels demonstrated 
as bed and dry, and any oozmg veins upon the hollow of the sacrum 
tied or controlled by electrocoagulation 
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If the dissection from above has been adequately done, there will 
be very little oozing to control except that in the male which is found 
at the ape\ of the prostate and the lower porUon of tlie vesicles Tlus 
will be of an oozing character and it will usually be necessary to con- 
trol tins by a gauze dram which is left in place postoperatively 
In the female there will often be oozing m the vagmal veins on the 
back of the vagina, which must likewise be controlled by tlie small 
cigaret drain which is left in place postoperatively 
With all oozing controlled, the gauze end of a small cigaret drain 
IS now placed over the prostate in the male and over the perineum 
in the female 

I wish particularly to stress the fact that contrary to tlie custom in 
many places, the pelvic cavity is never packed with gauze Every 
caution IS exercised to control the bleeding high m the pelvis and on 
the back of the bladder or back of the uterus, but vv e feel very strongly 
that the practice which apparently his been established over the years 
of packing this large cavity with gauze is an undesirable one It has 
been our experience that bleeding high in this cavity can always be 
accurately controlled either from above or at the second portion of 
the operation during the perineal removal, and that the small oozing 
on the back of the vagma in the female and the back of the prostate 
and vesicles m the male can always be controlled by a light gauze 
pack on the end of a cigaret dram 
It has been our experience in dealing with this considerable num 
ber now of cancers of the rectum (at least 1500), that if the small 
cigaret dram is removed on the fourth day, these posterior wounds, 
except for the hole left by the drain after its removal, heal by first 
intention These patients are out of bed in from twelve to sixteen days 
No longer do they have open discharging posterior wounds which 
prolong their stay in the hospital and complicate their recovery 
It is our opinion that closure of the posterior wound is dependent 
upon how soon the diaphragm of pelvic peritoneum descends to 
obliterate the space left by the removal of the rectum by becoming 
adherent to the pelvic wall 

If a large pack is placed in this cavity, it serves the purpose onl> 
of keeping the diaphragm of peritoneum elevated and of delaying 
tune when this diaphragm descends to become adherent to the pelvic 
wall, and thus obliterate die cavity 
We have seen no disadvantage whatever of introducing only a small 
cigaret dram over the prostate in the male and over the back of the 
vagma in the female We have, in fact, been impressed with the early 
closure and the clean posterior wounds which we have obtained by 
th^mployment of this procedure mstead of large packs (Fig 246, c) 
These posterior cigaret drains are removed on the fourth day and 
the cavity remaming in the pelvis is irrigated daily with 1 per cent 
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iodine solution which has no particular advantage over any other 
mildly antiseptic solution but is employed largely lor the mechanical 
purposes of washing out any accumulated clots or debris 

We are often ashed how soon the colostomy is opened One of the 
very great advantages of having a colostomy which is w ell established 
above the level of the shin is that it permits early and safe intioduc 
tion of a catheter into the colostomy to decompress it should there 
be any gas distention 

We ha\ e no hesitancy in opening colostomies on the night of opera 
tion if the patients complain of cramps or if there is any undue dis 
lention of the loop The wound is draped wth gauze, sterile boric 
ointment strips are placed over the wound, and the Ochsner clamp 
on the end of the colostomy is released and moved over for a distance 
]iist sufficient to permit the introduction of a large catheter The clamp 
IS then approximated close to the catheter in order to mahe the bowel 
about the point where the catheter is introduced itight 

It is extremely undesirable to permit marked gas distention of the 
colostomy to exist over any period of lime This increases the pres 


goes with the distention of the colostomy loop m certain cases 
Should the colostomy not function adequately after the first four or 
five days it is explored with tlie finger for retained feces and irrigated 
with tap water to promote the discharge of feces and gas care being 
taken to protect the wound with bone ointment strips 
Before the patient leaves the hospital if the colostomy loop is too 
long It is only occasionally necessary to sever it with the cautery 
without an anesthetic down to the poml that it is of adequate lengtli 
so that it projects well above the level of the skin 
Tliere are a few rules regarding colostomy that should be consid 
ered in a general way without going m too specifically to every detail 
of colostomy management One of the most important features of the 
management of colostomized patients is the maintenance of his morale 
He starts with the idea that be is to be handicapped, that he must 
limit his business and social contacts and that he is a different indi 
vidual from his fellow beings This will be his attitude in spite of any 
encouragement his physician may have given him preoperatively It 
IS for this reason that maintenance of contact personally by telephone 
or by mail for the first four to six months in colostomized patients is 
so important 

It will take the colostomized patient four to six months to learn his 
constipating diet It will take him this length of time to know the 
liberties he can take with his diet It vvill take him this length of time 
when he has taken liberties with his diet and has had accidents such 
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as the escape of feces from his colostomy, to Icam how to control it 
with boiled milk and paregoric Jt will also take this length of time 
for his colostomy to shrink down, for the skin scar to contract around 
It wnbl It IS of such size that it admits only one index finger \Vhen 
the colostomy has shrunken down to this size and is a rosette of skin 
raised abo\e the edge of the wound, it is then in the final completed 
state for successful management 

I have been through experiences with so many of these patients who 
started out completely apprehensive as to their ability to manage their 
life with colostomies and ha\ e seen tliem gradually acquire the ability 
to constipate themselves and manage their colostomies until the 
patient who was apprehensive at the beginning now volunteers the 
information that if there is someone m the same state he was m when 
he started, he would like to encourage him by telhng him how much 
better he will be 

We teach patients upon whom a colostomy has been made, that 
witli a colostomy they will substitute spaced irrigation of their re- 
maining colon for voluntary defecation It is true that we have a few 
patients who take no irrigations whatever, who are able to lean over 
a toilet and defecate as successfully as they could with their rectum 
We are at a loss to explain how they can and why one can and another 
cannot We do know that a very great majority of these patients must 
avoid discharge of feces by learning how to so constipate tlicmselvcs 
that their bowels will move only when they irrigate them 
We tell these patients to select time for these irrigations as every 
other night or every third night, depending on what they choose We 
tell them they must plan to do it m the evening because this will give 
them an adequate amount of tune, and permit the remaining fluid 
in tlieir colon to run out and so not soil Iheir clothes We tell them 
that no irrigation can be accomplished in any short period of time, 
that it will be necessary in many of the cases to introduce the fluid 
with a catheter and then wait for softening of the feces and for their 
discharge 

This can be done by several different means Some patients have 
devised sleeves through which the feces are discharged Others sit 
on a toilet with a sheeting apron below their abdomen and the sheet 
mg put mto the toilet bowl between their legs 

We discourage any wearing of colostomy bags on the part of the 
patient If we have a patient who wears a colostomy bag, it is because 
he has not learned to so constipate himself that he can trust his colos 
lomy not to discharge feces at unexpected times We do not sell 
TOlostomy bags in the Clinic If the patient has a colostomy bag we 
believe that he should come to us for further instruction on how to 
a\oid its use 

Practically all of these patients wear only a pad of gauze, with 
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bone Ointment spread over it so that it will not become adherent to 
the colostomy, and an elastic belt to hold it in place. 

One should not fail to see these patients postoperatively for the first 
year once every three months so that they can discuss with their 
physician any of their difficulties with their colostomy and their diet 
and so that ihey can be observed as to dieir general physical state 

CO^CLUSIONS 

The advantages of abdominopermeai operation as opposed to the 
operation retaining the sphmeter are discussed 
The indications for the two stage operation are discussed 
The features involving limitation of operability are recorded 
The type of anesthesia and the technical steps of abdominoperineal 
removal of cancer of the rectum are also discussed 
Some of the features of the making and management of the colos 
tomy are set down 

The mortality m this operation over the past four years has been 
3 8 per cent, with an operability rate of 83 per cent and with a five 
year nonrecurrence rate in the entire senes of 50 per cent 
While all of the abo\e features are gratifying, it fs to be noted that 
in the recording of symptoms for which the patient comes to the Climc, 
It is these symptoms— the passage of blood, alteration in bowel func 
tion, change m character of the stools or abdominal pain— by which 
the diagnosis should have been made even m this group of cases with 
an operabibty rate of 83 per cent, much earber than it has been 
As a final warning I ^vlsh to stale that there is still room for improve 
ment based upon more prompt attention to the above set of symptoms 
m the group of cases here presented which seem so favorable In addi 
tion to this, I would again, as I frequently have done, like to call 
attention to the fact that many ’ '■ ’ - 

and adenomas which give early 
sigmoidoscopic examinations an 

mit their remoal m many instances before these malignancies have 
occurred 
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CARClNO^iIA. OF THE COLON AM) RECTIBl: SITE 
OF GnoWTH OF 1,457 LESIONS . 

Earl J. Booime and Paul J. Hasson 

A. REVIEW of the anatomical location of 1,457 cases of malig' 
of the large bowel in which operation was performed at the 1 
Clinic from 1936 throu^ 1944 brings emphasis again to Sac 
75 per cent of these lesions are found in the sigmoid, rectosig 
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66 LESIONS 



Fig. 247.-~Anaiomical location ol the malignancies of the colon and re( 


and leetum. As shown in the illustration (Fig. 247), the reir 
55 per cent of the lesions are almost equally distributed throi 
the rest of the colon except for the cecum which has sli^tl 
6 per cent of the total. This distribution of lesions varies only s 

from the spn'oc r(annt+/»rl V... t> . •, 
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It IS apparent then from this survey that nearlj 70 per cent of the 
cancers of the colon can be palpated by digital examination or be 
seen through the sigmoidoscope That these cancers not only in the 
left colon, but throughout the whole large bowel make their presence 
known by symptoms has been shown by Swinton and Higginbotham 
in this clinic They reviewed the histones of 200 cases of cancer of 
the left colon and rectum and found ' bloody stools" or altered bowel 
function in 82 per cent Thus all patients who hive these symptoms 
should have careful digital and sigmoidoscopic examination even 
when there is benign rectal disease which could account for the 
symptoms In 100 cases of malignant disease of the right colon, Swm 
ton found only 8 with bloody stool, but 87 per cent of the patients 
complained of abdominal cramps or an obstnicbve type of pam and 
81 per cent complained of altered bowel function These patients 
should be inveshgated by banum and air contrast enema 

Since the majority of these lesions can be diagnosed m the exam 
imng room, the patients must be educated to come early for study, 
and the physicians must carry out digital and proctoscopic examination 
in every case In addition to the 70 per cent of malignant lesions 
which can be diagnosed if present, benign polyps and adenomas, oc 
cumng so frequently in the same region of the colon, can be found 
and removed since their predisposition to carcinoma is well known 
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HIE DIAGNOSIS OF CARCINOISIA OF THE 
COLON AND RECTUM 

Neil W S^\^NTO\ a?»i> J G il l e spie 

Tiie progress which has been made in the treatment of carcinoma 
of the colon and rectum in tlie last decade has been one of the most 
gratifying in any field of surgery More accurate diagnostic metliods, 
improv ements in the preoperatn e preparation of these patients, better 
anesthesia, more experience in the actual surgical removal of these 
lesions, the use of whole blood, plasma, proteins, chemotherapy and 
the improved postoperative care of these patients have resulted in a 
resectability rate of 85 per cent and a five-) ear survival rate of 50 
per cent in this Clinic 

This improved prognosis for patients with malignant disease of the 
large bowel has not been accompanied in recent years, however, by 
any appreciable lessening of the time interval between the onset of 
symptoms and the establishment of the diagnosis of cancer It is com 
mon to encounter patients with gastrointestinal complaints who have 
been under the care of a physician for some time and who on digital 
examination of the rectum are found to have an advanced malignancy, 
a digital examination not having been done previously It is also not 
uncommon to examine patients with colon and rectal complaints who 
have had one or more barium enemi roentgenologic studies of the 
colon which have been reported as negative and to find an easily 
visualized advanced mabgnant tumor of the rectum or lower sigmoid 
by sigmoidoscopic examination 

The average time interval from tlie onset of symptoms to the time 
of operation for malignancy has been, lor joierii) }ea« m our expen 
ence, nine months In order to reduce this time interval, the follow 
ing policies should be adopted by all ph>sicians who come in contact 
vvath this disease (1) Increasing attention must be given to the symp- 
tomatology of carcinoma of the colon and rectum (2) The differential 
diagnosis of cancer of the colon and rectum from nonmahgnant lesions 
must be appreciated (3) The indications for digital examination of 
the rectum, sigmoidoscopic study of the rectum and lower sigmoid, 
banum enema and contrast air radiograms of the rectum and colon 
must be understood (4) A constant search for and tlie removal of 
premahgnant lesions of the bowel must be undertaken (5) An ac 
curate diagnosis of cancer must be made at the earliest possible time 
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SYMPTOMATOLOG'k 
It IS true that there are no symptoms or groups of symptoms which 
one might designate as pathognomoiuc of malignant disease of the 
large bowel, yet studies of these patients reveal that there are symp- 
toms which accompany the disease sufficiently often to demand care 
ful investigation 

Right Colon —The primary function of the right half of the colon 
IS absorptive m nature Symptoms arising from lesions m this position 
of the bowel usually result from changes m physiology The lumen 
of the right half of the colon is larger than that of the left Tumors 
in this location tend to be large ulcerating lesions on the lateral wall 
of the bowel, not encirclmg the lumen as they so commonly do on the 
left side of the colon Obstructive symptoms, therefore, are much less 
commonly seen \vith lesions of the right side than with lesions of the 
left side 

In a senes’ of 100 cases of cancer of the right colon reported from 
this Climc m 1938, 87 per cent of the patients complained of abdom 
mal cramps, indigeshon or paui, Chamberlin, ^ in 1941, reporting a 
senes of malignancies confined to the cecum, mentioned pam m the 
right lower quadrant, anemia, weakness and fatigue, and a palpable 
tumor, in the order named, as the predominant symptoms of malig 
nant tumor confined to this locality In this latter series, 66 per cent 
were found to have a hemo^obin of less than 70 per cent at the time 
' ’ . "■» * » . 1 ^ ^ anemia, 

> patients 
d 14 per 

cent in his senes The exact mechanism of blood loss due to malig 
nancy of the right colon is not completely understood Several ob 
servers believe it is the result of a toxic process However, with the 
high incidence of anemia so commonly found in this condition, cancer 
of the right colon must always be considered when any unexplamed 
anemia is present 

Rankin has reported that 10 per cent of these patients may have a 
palpable tumor in the nght lower quadrant without other symptoms 
suggestive of bowel malignancy Seven of our patients in the group 
of 100 came to us for explanation of a right sided tumor mass which had 
been found on a routine physical examination 

Alternating constipation and diarrhea has rarely been noted in our 
expenence, although in our senes previously mentioned, 30 patients 
with malignant tumor of the n^t colon mentioned diarrhea or fre 
quent loose stools, and 16 complained of mcreasmg constipation 
Left Colon —Obstructive symptoms predominate m patients with 
carcinoma of the left colon Tumors in this area are usually encircling 
the lumen is narrower than that of the nght colon and the stool is 
firm, so that obstructive symptoms and cramps usually appear early 



DIAGNOSIS OF CARCINOMA OF COLON AND RECTUM 5oO 

in the disease Altliough an increasing constipation is common, com- 
plete obstruction is rare , v t j 

Bloody stools or other abnormalities of the stool have been noted 
in approximately one half of our cases of left-sided tumor An occa- 
sional palpable tumor will be found Frequent loose stools or an actual 
diarrhea has been found in 30 per cent of these patients, and 80 per 
cent of patients with malignant disease of the left colon complain of 
some change m their normal bowel habit 
Rectum —In considering lesions of the rectum, it must be remem 
bered that the majority of these tumors are found m the ampulla 
where the lumen of the bowel is large and, consequently, obstructive 
symptoms occur only in the late stages of the disease The predomi- 
nant symptom is an abnormal stool Eighty slx per cent of our patients 
complained of some abnormality of their stools at tlve time of examina 
tion The presence of blood, pus or mucus and, less commonly, a 
change in the caliber of the stool are the usual complamts A large 
group complained of increasing constipation and less commonly, 
dianhea is noted Rectal pain and tenesmus are common when the 
lesion is found near the anal outlet Unnary symptoms occasionally 
occur and usually indicate involvement of the bladder or urethra 
Although patients with large bowel malignancy present a wide va- 
riety of symptoms, these s>’mptoms may be grouped under the fol- 
lowmg headings (1) Any abnormahty of the stool This mcludes the 
presence of blood, pus or mucus, or any change m the caliber of the 
stool (2) Any change m the normal bowel habit of an individual 
This may mean an mcreasing or decreasing constipation, diarrhea or 
frequent loose stools It means any change from what has been for 
that individual a normal bowel function (3) Any unexplained ab 
dommal pam, cramps, indigestion or feeling of fullness (4) An unex- 
plamed abdominal tumor or anemia 
It would seem obvious that if all patients presenting any of these 
symptoms were given a careful and complete examination of the 
rectum and colon at the tune they were examined by the first physi- 
cian to see them this long tune mterval, which so frequently occurs, 
between the onset of symptoms and the surgical removal of these 
tumors, could be reduced This exammation should include, m the 
order named, a careful history and physical examination of the pa- 
tient, digital examination of Ae rectum, proctoscopic and sigmoid- 
oscopic examination of the rectum, rectosigmoid and lower sigmoid 
and radiographic studies of the colon 

DIFFERENTIAL DIAGNOSIS 

Approximately 70 per cent of the surgical procedures on the large 
bowel performed m this Clmic are for malignancy, yet it must be 
recognized that other lesions than cancer may require surgical inter 
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wi'in this region The most common of these are chronic, steno 
sing regional enteritis dnerticulosis, diverticuhtis, tuberculosis of 
the ileocecal region benign polj’ps and less commonly, volvulus, 
sarcoma, nonspecific granulomas and benign tumor? other than polyps 
In the rectum hemorrhoids, abscesses and other anorectal conditions 
must always be considered in the differential diagnosis of mabgnant 
disease In many instances the differentiation of carcinoma from these 
other possibilities may be difficult, yet it must always be remembered 
that the majority of surgical lesions in the colon are malignant and 
when cancer of the large bowel is suspected the lesion should be 
regarded as such until pro\en otherwise 


Fig 248 Fig 249 

Fig 248 — EnteroLthiasis of the ascending colon with ulceration and obstruction 
Fig 219— Unusual traumatic herniation of diaphragm with splenic flexure of 
colon in the left anterior chest 

It IS not the purpose in this article to revie\v in detail the symptoma 
tology and pathology of all the conditions fliat may be mistaken for 
malignancy of the colon and rectum Lesions which are palpable to 
the examming finger or can be removed for pathologic exammation 
through the 10 inch sigmoidoscope ordinarily present few difficulties 
m establishing an accurate diagnosis Lesions not visualized by instru 
mentation must be distinguished by radiographic means (Figs 248 
to 254) Tlie accuracy of diagnosis by roentgenograms of those 
lesions which cause a defect m the lumen of the bowel, such as 
diverticulitis and dnerticulosis, tuberculosis ulcerative colitis and 
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cancer, is high Benign polyps, on the other hand, do not cause de 
formity of the lumen and when beyond the reach of the sigmoidoscope 
are frequently not detected 

In the differential diagnosis of organic disease of the colon and 
sigmoid, the Department of Radiology of the Clinic has established 
tlie followng brief criteria for diagnosis 
1 Chronic stenosing regional enteritis is best demonstrated by 
serial films of the small bowel (Figs 250 and 251) The most charac 
teristic roentgenographic sign attributed to tins lesion is the string 
sign” which sbo\%s the hanum passing through the small bowel in 
a string hie pattern Tlie patient may have retention in the proximal 
loop xvith the oral meal Tlicre may also be areas where the bowel 



Fig 250 Fig 251 

Fig 250 —Reg oiial ententis involving the distal jejunum and ileum Note stnng 
like pattern of small bowel 
Fig 251 —Typical regional or terminal ileitis 

lumen is narrowed and irregular alternating xvith areas of normal 
bowel and therefore roentgenologic study after a barium enema 
should always be done in addition to the serial films of the small 
intestine 

2 Tttherculosis of the tleocecal region may be demonstrated both 
by die oral meal and by the barium enema Irritability or deformity 
of the cecum and a variable portion of the terminal ileum is usually 
seen With the oral meal there may be a fillmg of the segment distal 
and proximal to the lesion on the six hour and Uventy four hour 
examination with the involved area showing no banum When an 
enema is given it can be seen on fluoroscopy that the cecum contracts 
and empties before complete fillmg is obtained In the hyperplastic 
type, a mass is outlined whidi is often indishnguishable from carcin 
oma m this region Tliere is normally localized tenderness when a 
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mass IS palpable Foreshortening of the cecum is an important findmg 
in the ulceratue type of tuberculosis 
3 Diverticulosts These lesions are most commonly located m the 
sigmoid and descending colon but may involve any portion of the 
gastrointestmal tract They will be demonstrated on the twenty four 
hour examination after the oral administration of banum or on the 
postevacuabon film of a barium enema They are seen as small out 
pouchings of the mucosa and submucosa, and may be smgle or mul 
bple A small diverticulum is usually seen as a "bud Idee" (or funnel) 
shadow with a rounded distal end, and projects outside of the lumen 
If a large diverticulum containing a fecolith is present the fecolilh 
IS outluied by the barium giving a “rmg like" shadow Unless there 



Fig 252 Fig 253 

Fig 252 —Polypoid tumor of the colon afler an ordinary banum enema 

Fig 253 —Same case as show-n in Figure 252 After the contrast air teebme 

IS an associated inflammatory lesion there is no tenderness on palpa 
tion This IS important in the differenbal diagnosis between diverticu 
losis and diverticulitis 

4 Dwerticiilitts This is best demonstrated by a banum enema and 
shows narrowing of the lumen and m some mstances complete obstruc- 
tion This narro%ving shows irregular “saw tooth" margins There is 
pam and tenderness on palpation 

5 Spastic colon In differentiating a spastic colon or functional 
colonic disease the roentgenogram is useful m distinguishing organic 
lesions before treatment is begun The reproduction of the pam of 
which the patient complains is considered an important adjunct to 
the history and clinical exammabon 

6 Polyps and polyposis To demonstrate polyps it is necessary to 
have the colon well prepared and free of fecal matenal before a 
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barium enema is given as fecal material closely simulates polyps. On 
the postevacuation film the barium is seen to cling to the mucosa 
(Fig. 252). The polyps are shown in the inlerruptea mucosal pai^rn 
as mottled, rounded shadows of diminished density. The best method 
to demonstrate these lesions is the contrast air enema, taJang stereo- 
scopic aims (Fig. 253). The polyps wU be seen as masses faindy out- 
lined by barium projecting into the lumen. tv. 

7. Ulceratice colitis. This is best demonstrated by the banum 
enema. There is irritability of the involved areas with smoo*ness 
of the walls and absence of haustra. There may be low, fine indenta- 
tions along the margins due to ulcerations between which small 
polypoid formations frequently occur, giving a fuzzy appearance to 
the mucosa. There is also edema of the serosa of the colon. When ad- 



Fig 254 Fig 255. 

Fig 254 — Ad\ anced ulceraUve colibs. Colon appears ngid and tubular. 

Fig. 255 —Typical caremoma of the transverse colon. Note irregular and jagged 
maigms 

vanced fibrosis and thickening occur, the colon appears rigid and 
tubular (Fig. 254), >\nth a decrease in the size of the colon because 
of shortening and narrowing of the lumen. Frequently thickening of 
the wall of the bowel may be found owing to an associated edema. 

8. Carcinoma of the cecum is best demonstrated by a barium enema. 
A filling defect of the cecum, with some irregularity, is ordinarily 
found which is not as marked as in tuberculosis of this region. 

9. Carcinoma of the sigmoid should always be demonstrated by a 
barium enema and not by an oral meal because of the danger of pre- 
cipitating an obstruction. The findings may be any one of tire follow- 
ing three: (a) Complete obstruction may result from blocking by ma- 
terials from above with a ‘T)lunted“ or “hooked head” of the barium 
enema. (&) The lesion may show an annular or “napkin-rin^ defect, 
about 3 to 5 cm. in length, with no expansion on pressure from the 
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fluid The bowel on either side of this defect appears to be irritable 
(c) There may be a fungating type of lesion which invades the 
lumen from one side, giving a subtraction or intraluminal defect, with 
irregular and jagged margins (Fig 255) 

^ fr^irrt f\C flio ^ ^ ► ,<■ 

usually 

of the w _ ’ 

carcinoma the margins are quite irregular, destroying die mucosal 
markings and producmg a smooth inner surface Again, it will be 
seen that in diverticulitis the lumen changes in width with pressure 
of the fluid, provided there is not complete obstruction, while in car- 
cmoma the lumen remains unchanged and ripd Another point in 
distinguishing these hvo lesions is that in diverticulitis the adjacent 
mucosa is usually invoKed for a longer distance than that seen with 
carcinoma, in which the mucosa is normal proximal and distal to the 
neoplasm 

10 Carcinoma of the rectum The roentgenologic demonstration of 
lesions of the rectum is secondary to palpation and direct visualiza 
tion m view of their accessibility to both these exammations We do 
not depend on the roentgenogram for diagnosis of lesions m this re 
gion If such a lesion is to bo examined roentgenologically, the exami 
nation should be limited to a barium enema It is useful only in 
advanced cases of malignant disease to demonstrate the upper limits 
of the tumor 

PREMALICNANT LESIO>S OF THE BOXTEL-POUTS 

In addition to tlus consideration of oilier surgical lesions of the 
colon and rectum which must be distmguished from cancer in this 
region emphasis must be given to the relationship of benign, mucosal 
polyps of this area to cancer This relationship has been well estab 
lished ® It is our belief that polyps of this nature are definite tumors 
and should be considered as definite premalignant lesions Certainly, 
the ideal approach to cancer of the colon and rectum would be to 
detect and remove all such tumors before they become malignant Un 
fortunately, however, only a small number of these benign tumors 
produces symptoms before they undergo mahgnant change Brust has 
reported that only 20 per cent of his patients with benign polyps pre- 
sented symptoms referable to the tumor Fifty per cent of our patients 
who have had benign mucosal tumors were investigated because of 
bleedmg, but m many of these the bleeding was found to be due to 
other causes There arc, however, certain facts concernmg benign 
rectal and colon polyps which are recognized® (1) The incidence of 
polypoid disease m the colon and rectum is much more common than 
has previously been recognized Vanous observers® ® have reported 
an incidence of from 2 to 6 per cent existing m the adult population 
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(2) These pol>'ps are not the result of a diffuse inflammatory process 
but are true tumors. (3) Approximately one third of patients witli 
pol>ps have multiple tumors. (4) They may occur at any age and 
have an equal distribution in the sexes. 

In addition to the difficult}' in determining the indications for exami- 
nation of patients wth polyps because of tlie paucity of symptoms, 
radiologic stu(hes of the colon, that is barium enema and contrast 
air radiograph, have not been entirely satisfactory. In the autopsy 
series reported in the literature there has been a fairly er’en distribu- 
tion of the polyps throughout the colon and rectum, yet clinically 70 
per cent of the polyps discovered have been ualhin reach of the 
10-inch sigmoidoscope. Since 70 per cent of malignancies of the colon 
and rectum occur unthin reach of tiiis same instrument, this location 
represents the more important site. The fact that there may be a rela- 
tively ex'en distribution of benign polyps throughout the colon and 
rectum and yet 70 per cent of all malignancies are found in the low 
sigmoid, rectosigmoid and rectum indicates that there are other fac- 
tors than the mere presence of a mucosal polyp in the de\'elopment 
of malignant disease of the colon. This factor is not thoroughly under- 
stood but may be related to the increasing trauma of the solidarity of 
the fecal stream in this region. 

If the ideal approach to cancer of the colon and rectum is to be 
obtained, not only should those patients who present symptoms sug- 
gestive of cancer in this region be submitted to sigmoidoscopic exami- 
nation, but because of the frequency’ and the knoum relationship of 
benign mucosal polyps, so few of which present symptoms before they 
become malignant, sigmoidoscopic examination should be a part of 
every’ complete physical examination. 

Tliere has been a tendency to reseix'e for the specialist sigmoido- 
scopic and proctoscopic examinations of the lower bowel. This extreme 
specialization is not necessary, A sigmoidoscope should be as much a 
part of the armamentarium of the general practitioner of medicine 
as a stethoscope. The cost of this instrument is relatively small and 
very' little experience is required to use it It is true that complicated 
problems of diagnosis and management may be encountered which 
\W1I require the judgment of someone witli special experience in this 
field, but all phy’sicians should be able to recognize the normal and 
the abnormal in the lower 10 inches of large bowel, which in most 
instances can be reached without difficulty' and without danger to the 
patient 

DIAGNOSIS OF SUUCNANT DISEASE 
To eslabUsh the diagnosis of cancer, a digital e.saraination of the 
rectum should always be done first Palpation of a tumor with a firm 
fixed, indurated base or border is pathognomonic of malignancy 
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Hemorrhoids, abscesses and fistulas can be distinguished in this man 
ner by an experienced observer Polypoid tumors will be found on 
occasion which on biopsy will be sbo\vn to be benign, but when a 
firm indurated base is palpated, repeated biopsy specimens should be 
taken until tissue is removed from the base, which xvill mvariably 
demonstrate cancer On the other hand, large polypoid tumors may 
be encountered in the ampulla of the rectum which do not present a 
fixed, indurated base which will be found to be benign following the 
removal of the entire tumor and examination of all secbons It must 
be remembered, as we have previously pointed out, that malignant 
disease may begin m any porbon of a mucosal polyp, and mabgnancy 
IS not ruled out until all secbons of the tumor have been examined 
histologically 

Probably the most difficult problem with which we have to deal is 
the differential diagnosis of cancer in those patients with a Icnoivn 
di\ erbcuhbs in whom it is suspected that there may be supenmposed 
or associated malignancy Frequently it will not be possible to pass 
the mstrument into or beyond the area of inflammation, so that even 
though the lesion may be m the rectosigmoid, direct visualization 
of the tumor cannot be obtained In these pabents considerable relt 
ance must be made on the radiographic study It has been our experi 
ence, hoxve\er, that occasionally it wnll be necessary to submit these 
patients to laparotomy so that the tumors can be directly examined 
from above and bimanual palpation through the rectum and through 
the abdomen earned out, and a final decision made only at that bme 
We have had the experience also of performing a colostomy above 
such an obstructing lesion, and have been able to establish the diag 
nosis by passing a sigmoidoscope doxvn to the lesion from above 
through the open colostomy and visualizing an area which it was not 
possible to see from below 

stnniARY 

In an attempt to establish earher diagnoses of malignant disease in 
the colon and rectum the following policies are suggested increasing 
attention should be gi\en to the symptomatology of carcinoma of the 
colon and rectum In general symptomatology of large bowel malig 
nanc>’ may be grouped under the following headmgs (1) any ab 
normality of the stool, (2) any change in the normal bowel habit of 
an mdmdual, (3) any unexplained abdominal pain cramps, indiges 
bon or feeling of fullness, (4) any unexplained abdominal tumor or 
anemia 

A brief discussion is given of the more common surgical conditions 
of the colon which may be confused with malignant disease These are 
chronic, stenosing regional enteribs diverhculosis diverticulitis, tuber 
culosis of the ileocecal region, volvulus, sarcoma, nonspecific granu 
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lomas, mucosal pol>’ps and other benign tumors, hemorrhoids, ab 
scesses and other anorectal conditions 
The importance of the relabonship of benign mucosal polyps to 
malignancy m this region is emphasized The frequency, distribution 
and paucity of symptoms are discussed 
It IS sho\vn that if the ideal approach to cancer of the rectum and 
colon IS to be obtained not only should those patients wlh symptoms 
suggestive of cancer be submitted to a complete rectal and colon 
examination but a digital and sigmoidoscopic examination of the 
lower bowel should be a part of every complete general examinabon 
The importance of palpation of suspected malignant tumors and the 
histologic examinabon of all porbons of rectal and colon tumors in 
the accurate estabhshment of the diagnosis of cancer is discussed 
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CANCER OF THE RECTUfll 
A DISCUSSION OF PREOPERATIVE PREPARATION, 
postoperatht; CO'^IPLICATIONS and 
COLOSTOMY MANAGEMENT 

Eaul J Boeiu^ie and Richard B Cattell 

For the past se\enteen >ears in this Clinic we have been pirticu 
larly interested in tlie management of patients ^vlth permanent colos 
tomy We feel that it is the responsibility of the surgeon undertaking 
abdominoperineal resection to guide and follow the patient indefi 
nitelj From time to time we ha\e published reports’ * m the hope 
of obtaining a wider acceptance of colostomy since we feel it is neces 
sary for the radical cure of cancer of the rectum and rectosigmoid 
Successful experience u itli hundreds of colostomies here m the Clinic 
Ins pro%ed that the employment of a definite phn of management 
Ins hcilitated the task of tlie surgeon the nurses and the patient 
and it has aided in the early detection of complications or significant 
deviations from tlie normal postopemtne course 

PnEOI'ERATIVT PREPMUTION OF THE PATIENT 
If there is a lapse m the bme between the decision to operate on 
the patient and entry into the hospital the patient is given a \ery 
high caloric high vitamin and high protein diet to follow m the 
interim Although serum proteins are not significantly lowered bj 
lesions so loav in the intesbnal tract unless they are causmg obstrucbi e 
symptoms or cachexia It is well to be certain that the patients nutn 
honal leael is at its best We haae recently instructed the patient to 
take 9 to 12 gm of sulfasuxidine daily in divided doses starting four 
or fi% e days before the patient enters Rie hospital 

On admission to the hospital laboratory studies include a complete 
blood count estimation of the nonprotein nitrogen plasma chlonde 
determinabon serum protein lea el blood grouping and urmalysis 
The physical examination of the patient must focus special attention 
on the abdomen to determine whether there is any evidence of in 
testinal distention before any order is aantten to empty the bowel 
with a saline purgative If distention is present an immediate roent 
genologic study must include a flat plate and occasionally a lateral 
plate of the abdomen If the patient exhibits moderate distenhon of 
the colon but is passing some stool and gas by rectum it may be pos 
sible to prepare and decompress the bowel cautiously with high 
colonic irrigations and small doses of magnesium sulfate If the dis 
564 
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tention is severe, it 'Nill be mostly in the colon, and operative decom- 
pression by either cecostomy or a first-stage Lahey operation must 
be carried out. If, in addition, small bowel distention is sho\^^l on the 
film, a Miller-Abbott tube should be introduced wth a stilet under 
fluoroscopic ^•ision and decompression carried out to the distal ileum 
before any operation is performed to decompress the colon. 

Patients \nlh nonobstructing lesions are given 1^ or 2 ounces of 
50 per cent magnesium sulfate solution. Following evacuation of the 
bowel the colon is irrigated twice daily for two days prior to opera- 
tion. Tlie sulfasuxidine is also continued until the day of operation. A 
properly prepared colon vsnll be contracted, emptj’, and eas}* to handle 
at operation. The final preparation for operation is the insertion of an 
indwelling bladder catheter. 

^^’hether the patient should be told before operation that a colostomy 
is necessarj* is a question that should be decided by the surgeon and 
cannot be ans\vered without careful consideration of the indi\idual 
patient Until one has a large experience witli this t>’pe of case, the 
first impulse is to tell the patient with care and patience that a colos- 
tomy will be necessary’- In many cases this wiU be a satisfactory* ap- 
proach, but we have all seen patients who refuse operation at the 
mere suggestion of the possibilit)* of a colostomy. They have a verj* 
distorted \iew of colostomy and imagine that in the future their lives 
will be anjihing hut happy. Even the franh statement to the patient 
that operation is necessary to save his or her life may not alter the 
decision against operation. These patients retiim many months later, 
obstructed, in se^’ere pain, and hopelessly inoperable. The>’ then may 
state that in retrospect they wish the original discussion about opera- 
tion had been omitted entirely and the choice of procedure left to the 
judgment of the surgeon. 

There is a small percentage of patients who bravely insist on being 
told all’ of the details of the diagnosis and contemplated procedure. 
Often this over-protestation of braver^’ masks feelings which are much 
the opposite. They are likely to stand the \icissitudes of the first two 
weeks ver>’ poorly, and not infrequently it is found that they are 
ha\'ing their irrigations done by the xisiting nurse six months after 
operation. There are also a fe\v stolid persons who want to know the 
truth and accept it and make the best of it They realize that the 
operation is necessar>’ to save their lives, and they are usually grateful 
and adjust easily to the colostomy repmen. 

Experience proves that there is mudj to be said in favor of tact- 
fully avoiding any discussion of colostomy with the patient before 
operation. Any patient who has had bloody stools, increasinw pain 
and constipation which could not be relim-ed bv simple measures 
must have ^ven some thought to the possibilih- of an operation which 
might deprive him of his rectum. The referring ph>’sician may have 
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suggested this possibility to him A number of pabents purposely 
avoid any discussion or quesbons about the approaching operation 
They may fear the worst but secretly hope that it will not be true 
All of the pabents should understand that operation is imperabve, 
that the cure of the disease is the primary objecbve, and that what is 
to be done must be left to the judgment of the surgeon 

After operabon it is best to avoid any discussion of the colostomy 
until the patient begins to ask quesbons about it Often the patient 
does not comprehend the colostomy for a week or ten days Realiza 
tion of Its existence may depress him, but it is best to have such emo 
bon with the operabon a thing of the past than to have it before opera 
tion and precipitate a decision agamst having the surgical procedure 
done The depressed state will pass gradually, and the pabent %vill 
become more optimistic, regain his desire to live and make the best 
of whit at the time seems like an unsurmountable difficulty Nearly all 
when seen periodically after leaving the hospital accept their colos 
tomy and are proud of their abihty to manage it well and to carry on 
a normal life 

POSTOPEHATIVE CAltE 

The details of abdominoperineal rcsecbon are discussed elsewhere 
m this volume It is important to say a word about the simple require 
ments of a good colostomy After operation it should project at least 
1% inches above the skin level It should be located in the left 
midrectus and be 1 to 2 mches below the level of the umbilicus The 
pabent must be assured, however, that the frightening projection of 
bowel and fat appendages will recede and in a few months leave only 
a pink ring of mucosa raised no more than a quarter of an inch above 
the skin level This gradual sbnnkage of the colostomy does much to 
elevate the morale of the pabent 

The immediate postoperative care is similar to that following other 
major operations Shock is rarely a factor if the operation has not been 
unduly prolonged Inbavenous fluids with glucose, saline, whole 
blood when mdicated, vitamin C and B complex, and m certain cases 
ammo acids, are given for the first two or three days after operation 
Vitamms are continued throughout the hospital stay Transfusions are 
repeated when indicated The indwelling bladder catheter is con 
nected to a system of closed drainage so that the bladder may be 
irrigated daily and an accurate measurement of the output can be ob 
tamed On the day of operation the posterior wound dressing must 
be mspected for bleeding In the e\enmg the colostomy should be 
inspected by separating the dressmg down to, but not disturbing die 
clamp or gauze about the colostomy This inspection should be done 
again the next mommg and evening Any compromise in circulabon 
will be manifest by cyanosis and discoloration of the visible part of 
the bowel or its mesentery 
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On the evening of the first postoperative day the colostomy should 
be decompressed Again only the dressing down to the clamp on the 
bowel IS disturbed The clamp is removed and the bowel edges ate 
gently pulled apart A well lubricated soft, number 14 French catheter 

’ ’ ’ ' ' * ’ *■ • ’ ’ j^p j5 

the dress 
round the 

catheter, if there is distress on the second or third day, 1 ounce of 
water may be injected into the catheter, but irrigation should not be 
done 

On the fourth postoperative day the dressing about the colostomy 
IS separated down to the skin for the first time The clamp is removed 
and the catheter is withdraivn No matter how soiled the gauze dress 
mg adjacent to the exteriorized bowel, it should not be removed be 
fore the fourth day since it is one of the factors in preventing retrac 
tion of the colostomy The chief support for the first few days is the 
inclusion of two of the appendices epiploicae to the peritoneum 
closure In four days the natural adhesions between the bowel and 
the subcutaneous tissue wll prevent retraction The posterior pack is 
removed at the same time, usually without discomfort If the pack 
IS large and the patient experiences a significant amount of pain, it is 
removed the next day under light inhalation anesthesia This can be 
done m the room and vinyl ether or intravenous sodium pentothal is 
used ' 

Care of the skin after the first dressing consists only of simple soap 
and water cleansing whenever it is soiled The sutures are covered by 
a loose gauze dressing Vaseline strips, salves, pastes, powders, and 
so forth, are absolutely contraindicated The skin about a colostomy 
will not become macerated or irritated unless some of these medici 
ments are used 

On the fifth postoperative day the patient is given 2 drams of milk 
of magnesia every hour for five hours This will usually produce one or 
more small movements in the next twenty four hours The first colos 
tomy irrigation should be done on the seventh day A 1 or 2 quart 
warm water or soapy water enema is given through a small catheter 
inserted as far as possible into the bowel Imgations should then be 
given every two days while the patient is in the hospital On the sixth 
day the posterior irrigations should be started and done twice daily 
by inserting a soft catheter well up into the posterior space, imgating 
with a few ounces of the solution This solution for irrigation is made 
by adding 1 dram of 3 5 per cent iodine solution to a quart of stenle 
water If the drainage from the postenor wound is purulent, a 0 8 per 
cent solution of sulfanilamide is used After the patient is ambulatory 
hot sitz baths should be taken twice daily until all drainage ceases 
On the seventh postoperaUve day the sbn sutures of the postenor 
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and abdominal wounds are lemoved The retention sutures of the 
abdomiml wound must remain until the twelfth to the fourteenth 
day On the seventh day the bladder catheter is also removed unless 
the patient has a history suggesting prostatic obstruction ( If so, the 
catheter is kept in for ten to twelve days ) In slx hours the patient is 
cathetenzed after voiding to determine the amount of residual urine 
If after several six hour tests the residual does not fall below 3 ounces 
the patient is placed on catheter drainage again for three or four days 
and rechecked again The patients may be out of bed on the thirteenth 
postoperative day 

MANAGEMENT OF COLOSTOtlY 

As a result of seeing these patients at frequent intervals after they 
leave the hospital we can slate that with a definite plan of training 
the presence of a colostomy can be made a tolerable situation De 
tailed printed instructions for the care of the colostomy and the diet 
are given the patient for study and discussion Before leaving the hos 
pital the patient should do one or more of the colostomy irrigations 
under supervision of the nurse It is a good idea to have every patient 
put on a rubber finger cot or glove and insert a finger into the colos 
tomy This will do much to allay the patients’ fear of its being very 
fragile or extremely sensitive to touch This familiarity will give them 
courage to msert a finger when at home if it is necessary to break up 
a small impaction Dilation will help to avoid skin contraction about 
the orifice 

Colostomy bags or other apparatus are not worn The most satis 
factory means of covering the colostomy is a small gauze dressing or 
absorbent paper held in place with a 6 inch wide elastic belt These 
can be purchased in any athletic supply house or they can be made 
at home A 9 inch square of "oiled silk" cloth is placed over the pad 
to avoid soiling the belt For female patients, any girdle or corset will 
usually serve adequately The dressing will need changing two or three 
times in twenty four hours In well managed colostomies it will be 
soiled only by dramage of mucus from the exposed mucosa of the 
bowel Occasionally because of mechanical irritation there will be 
bleeding from the colostomy edge The prevention of unexpected fecal 
dramage wiH be discussed under diefry management later in this 
paper It must be mentioned that some patients do have audible pas 
sage of gas from the colostomy, but this too can be avoided for the 
most part by regulation of the diet Colostomy plugs are obtainable 
commercially if desired but arc rarely necessary in our experience 

At home the patient uses simple irrigation equipment consisting of 
a 2 quart enema can or bag a 4 foot rubber hose, a shut off clamp a 
glass adapter, and a number 22 French rubber catheter The irrigation 
should be taken m the evening to catch any additional watery dis 
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charge during the night. The irrigation may be taVen in the sitting 
position or when lying do^vn. A rubber apron is valuable to cover 
the lap and legs Two quarts of warm water or soapy water are in- 
jected slowly after inserting the catheter to its full length if possible. 
If cramping occurs, flow should be interrupted temporarily. It may 
be necessary to compress the lumen of the bowel with tlie fingers to 
prevent back flow while injecting the fluid If satisfactory evacuation 

DIET FOR COLOSTOMY PATIENTS 

Colostomy Diet 1 (Used in hospital while first gunmg control and at any time 
later when loose moi ements occur ) 

Breakfast 

Large portion of cream of wheat with boiled milk, sugar if desired, two 
hard boiled eggs, dry toast, one glass of boiled milk 
Lunch 

Creamed soups (creamed lettuce soup three or four times a week), creamed 
fish or meat, baked or mashed potato, boiled nee or custard 
Dinner 

Meat or fish, creamed whenever possible, escalloped segctable— no spinach 
or carrots, soft puddmg, custard or junket 
Colostomy Diet 2 (Used after gaming control m the hospital [2 weeks] and 
continued for two months at home ) 

Cream of wheal, puffed wheat or puffed rice 
Eggs, boiled, poached, baked or scrambled 
Oven-broiled bacon 
^Vhlte bread, plain or toasted 
Flam white crackers or salunes 
Butter, cheese, milk, tea, coffee, cocoa 
Boiled nee, baked macaroni or spaghetti 
Baked custards 

Soups of all kmds ercept tomato or com 
Potato, baked, mashed or need 
Roast beef, lamb or chicken 
Broiled steak or lamb chop 
Fish, broiled, boiled or creamed 
Sponge or angel cake 

Colostomy Diet 3 (Added to Diet 2 after two months if control is still effectne ) 
Raw lettuce and celery 

Cooked stnng beans, peas, carrots, beets, wmter squash, cauliflower, asparagus 
Cooked fruits 
Orange juice 

Avoid green com, baked beans and fned foods 

does not occur, a second 2 quart irrigation should be given. Changing 
position and gentle pressure on the abdommal wall will assist tlie 
emptying The contents of the bowel can be collected into a basin or 
other container held against the abdominal wall below the colostomy. 
For the more fastidious patients there is an apparatus which consists 
of a dome held over the colostomy b>’ a belt around the waist The 
dome has a large drainage hole at the bottom and a large rubber tube 
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and abdominal wounds are removed The retention sutures of the 
abdomiml wound must remain unht the twelfth to the fourteenth 
day On the seventh day the bladder catheter is also removed unless 
the patient has a history suggesting prostatio obstruction (If so the 
catheter is kept in for ten to twelve ^ys ) In six hours the patient is 
catheterized after voiding to determine the amount of residual unne 
If after several sw hour tests the residual does not fall below 3 ounces 
the patient is placed on catheter drainage again for three or four days 
•and rechecked again The patients may be out of bed on the thirteenth 
postoperative day 

aUNAGEMENT OF COLOSTOHY 

As a result of seeing these patients at frequent intervals after they 
leave the hospital we can state that with a definite plan of training 
the presence of a colostomy can be made a tolerable situation De 
tailed printed instructions for the care of the colostomy and the diet 
are given the patient for study and discussion Before leaving the bos 
pital the patient should do one or more of the colostomy irrigations 
under supervision of the nurse It is a good idea to have every patient 
put on a rubber finger cot or glove and insert a finger into the colos 
tomy This will do much to allay the patients fear of its being very 
fragile or ettrcmely sensitive to touch This familiarity will give them 
courage to insert a finger when at home if it is necessary to break up 
a small impaction Dilation will help to aioid skin contraction about 
the orifice 

Colostomy bag? or otlier apparatus are not worn The most satis 
factory means of covenn g the colostomy is a small gauze dressing or 
absorbent paper held m place with a 6 inch wide elastic belt These 
can be purchased in any athletic supply house or they can be made 
at home A 9 inch square of ‘'oJed silk' cloth is placed over the pad 
to avoid soiling the belt For female patents any girdle or corset will 
usually serve adequately The dressing avill need changing bvo or three 
limes in twenty four hours In well managed colostomies it will be 
soiled only by drainage of mucus from the exposed mucosa of the 
bowel Occasionally because of mechanical irritation there ivill be 
bleedmg ftonv the cokastocey edge The prevention of unexpected Cecoi 
drainage will be discussed tinder dielry management later in this 
paper It must be mentioned that some patients do have audible pas 
sage of gas from the colostomy but this too can be avoided for the 
most part by regulation of the diet Colostomy plugs are obtainable 
commerctslly if desired but are rarely necessary m our experience 

At home the patient uses simple irrigation equipment consisting of 
a 2 quart enema can or bag a 4 foot rubber hose a shut off clamp a 
glass adapter and a number 22 Frendi rubber catheter The irrigation 
should be taken m the evening fo cat^ any additional watery dis 
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sufBaentl) to keep the bronchioles clear Violent coughing, an intra 
tracheal catheter, or m stubborn cases, suction broncboscop> %vill le 
mo\e these plugs and iinpro\ement xvill be dramatic ^^^le^ the atel 
ectasis IS m the bases, one must be certain that there is no intestmal 
distenhon or massiNe dilatation and dislenbon of die stomach push 
mg the diaphragm upward Decompression of the stomach bj mtra 
gastric suction is usuall> sufficient to correct this condition if it is the 
cause Aa> patient who cdiibits atelectasis should be gi\en pemciUm 
immediately to preclude the de\eIopment of pneumonia or other pul 
monary complicahons Deep breathing, frequent change of position, 
and \ olimtarj coughmg ^'Tll do much to pre\ ent this comphcahon It 
IS obvious, therefore, that only enough morphme should be gi\en to 
maintgm reasonable comfort ^ter operabon Large doses depress the 
cough reflei and mucus collects to obstruct the bronchioles Pabents 
uho smoke and cough habitualls should be allos^ed to smoke soon 
after operabon if they desire 

Signs of intestinal obstruction may s’ary from simple obsbpabon to 
distenbon, crampy cohck'y pams, and \oimbng Prompt recogmbon 
and insbtubon of proper treatment are imperabNC Mediam^ ob- 
strucbons may be due to the attachment of a loop of Jeum to the 
pentoneal diaphragm by plasbc adhesions Distenbon Nvithout colic, 
but vnth nausea, ^ccups, and beldung will usually Teseal an ileus 
secondary to some mtra abdomma! infiammabon These pabents 
should be taken to the s ray department uhere a flat plate of the 
abdomen can be taken for accurate confinnafaon of the diagnosis If 
the distenbon of the small bowel is confirmed, and the symptoms do 
cot indicate a mechamcal obstrucbon wnth recurrent se\ere CTamp\ 
pains and penstalbc rushes that would require immediate surgical 
mtervenfaon, a Miller Abbott tube should be mtroduced with a sblet 
and intestmal decompression earned out as rapidly as possible Plasma 
and mtra\ enous glucose and salme solubon are important m obstruc- 
bons wTth distenbon Sulfonamides and pemdllm should be added 
to the therap\ The differenbabon between a partial mechanical ob- 
strucbon and obstrucbon widi fleus from an adjacent inflammatory 
process is difficult to make, but fortunately these complicabous are 
uncommoru 

Di^culty in emptying the bladder is the most frequent postoperab-v e 
urmary compheabon It results from the changed posibon of the blad 
der which falls back mto the peUis, ha\Tng lost its postenor support 
There is disturbance of the neive pathway's to the bladder because 
of die extensi\e pelvic dissecbon necessary parbcularlv m the large 
^owths Ewert reviewed nearly 1000 abdonunopermeal reseebons 
done m this Climc and found an inadenee of obstruebve mamfesta 
bons m 14 per cent of the males and m 4 per cent of the females In 
SO per cent of the group of males a previous history of some urinary 
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tive symptoms was elicited Urologic consultation should not 
ue ueiayed if after removal of the indwelling catheter for twenty four 
hours there is a residual of more dian 3 ounces Tlie patient should 
be placed on catheter drainage and irrigations again for four days 
after which the residual urine is checked In this senes reported by 
Ewert It was necessary to do a transurethral resection in two thirds 
of the males exhibiting the obstructive symptoms Tliere was no mor 
tality from this added procedure In the patients over 55 years of age 
bilateral vasectomy is done at the same operation Operative inter- 
vention has not been necessary in any of the female patients although 
catheter drainage up to eight weeks lias been necessary m a few re 
fractory cases 

Thrombo embohe disease is of significant frequency because of the 
extensive dissection and frequent inflammation in the pelvis, the older 
average age of the patients and because of the duration of bed rest 
necessary Frequent turning of the patients deep breathing and ever 
cise of the extremities are the most important prophylaxis against these 
complications We routinely have these patients move the feet through 
flexion and extension hundreds of times each day and at night when 
awake If there is a slight rise in temperature, pam in the calf when 
exercising, or chest pain, an immediate search should be instituted for 
thrombophlebitis or possible pulmonary infarct from a phlebothrom 
bosis Tenderness to deep pressure m the calf, a positiv e Homan’s sign, 
tenderness to pressure at the femoro iliac junction, and swelling of the 
leg by actual measurement should call for prompt therapy In throm 
bophlebitis, lumbar paravertebral blocks with procaine should be 
done dail> for at least three days Heparin and dicoumarol antico 
agulant therapy should be started at the same time If the chest roent 
genogram shows an infarct and the patient is over 50 years of age 
bilateral femoral vein ligation should be done at once Decision as to 
ligation or the use of anticoagulants only after a warning infarct in 
younger patients is decided on the basis of the findings in the chest 
and the general condition of the patient 

The cause of fever after abdominoperineal resection is usually easily 
found The wound should be inspected carefully for abscess or infec- 
tion around the colostomy Tlie urine should be examined micro- 
scopically since urinary tract infections are common after prolonged 
catheter drainage If the cause is not found, the postenor space should 
be explored with the sterile glove, using the index finger to reach high 
into the sacral hollow Lociilahons of pus may be encountered and 
drainage is easily accomplished b> breaking into them As stated be 
fore, thrombophlebitis must be suspected, and a search must be made 
for pulmonary infections particularly occult pulmonary infarct If pro 
longed use of sulfonamides has been necessary', drug fever must be 
considered 
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SUMMARY 

Successful management of carcmoma of the rectum is dependent on 
careful preoperative preparation, a sufficiently radical operation and 
careful follow up not only ihrou^iout the postoperative period but 
for life The preoperative preparation of tlie patient must be directed 
toward improvement of the general condition and proper preparation 
and evacuation of the bow el itself 

•Few patients will require preliminary dramage by procedures such 
as cecostomy Postoperative complications are infrequent but wound 
infection, thrombophlebitis and pulmonary and urinary tract infection 
and obstruction must be watched for and relieved Proper manage- 
ment of the colostomy is of great importance for the patient’s comfort 
and economic rehabilitation A regimen is presented which has proved 
successful in a large senes of cases m whicli abdominoperineal resec- 
tion was required 
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excoriations around the anus which indicate pruritus fissures con 
dylomas fistulas and pigmentation should be carefully noted Anal 
spasm and anal pain may signify a fissure or may be only the result 
of prolonged laxative abuse A recta! mass can be palpated in many 
instances if present although a mass high in the rectum may easily 
be missed unless a very careful examination is made 

An anoscopic and proctoscopic examination is a necessary and im 
portant part of the procedure It should never be omitted in any case 
of rectal bleeding On anoscopic examination it may be possible to 
\asualize a fissure which is usually nonpalpable Internal hemorrhpids 
are almost never palpable unless they are thrombosed, but can readil> 
be seen through the anoscope Proctoscopic and sigmoidoscopic ex 
aminations ayill show the rectal mucosa and the lower sigmoid Most 
polyps are within reach of a 10 inch sigmoidoscope Many of these 
are entirely symptomless except for bleeding and m fact many poljps 
do not bleed except on rare occasions Rectal malignancy can be seen 
better than it can be palpated in every instance and certainly a dif 
ferential diagnosis can 1^ made visually with exactness when the 
examining finger may leave considerable doubt It is possible in most 
instances to pass the sigmoidoscope through the rectosigmoid and mto 
the lower sigmoid so that lesions in this area can be visualized but 
gentleness and care in the use of the instrument must be scrupulously 
observed 

Radiographic examination should be done in all doubtful cases but 
at the outset it should be realized that no roentgenologic procedure 
adequately demonstrates a lesion m the rectum itself unless it is a 
very large infiltrating lesion Banum given by mouth may show a cause 
for inteslmal bleeding high in the gastrointestinal tract The blood m 
such cases will be black and tarry unless there is a very violent gross 
hemorrhage when the blood will be dark and clotted With lesions 
in the small intestine there will usually be dark blood but occasionally 
there will be bright blood if associated large bowel irritability is 
present Lesions in the right colon or in the transverse colon produce 
rectal bleeding which is usually darker and tends to be more clotted 
than with lesions in the left colon or rectum Blood from a cecal lesion 
may be unnoticed by the patient 

A banum enema is the best means of showing an obstructing or in 
filtrating lesion m the sigmoid descending or transverse colon or the 
ascending colon Inflammatory lesions such as diverticulitis and occa 
sionally tuberculosis will also be visualized by banum enemas Short 
ening and rigidity of the colon characteristic of ulcerative colitis are 
best visualized wath a barium enema It is well to remember in this 
connection that the lesion of ulcerative cohbs may be segmental ma> 
not involve the rectum or sigmoid and may be confined to a small area 
not more than 2 or 3 inches long in any part of the colon 
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A contrast enema, gi\ en after tlie barium enema has been evacuated, 
injecting air so that the colon is completely distended, is the best means 
of outlining colon polyps This will also show an infiltrating lesion of 
the colon if it is only partly obstructing the lumen It should be em- 
phasized again that none of these metliods may be relied upon to 
demonstrate a rectal lesion, and an adequate digital and proctoscopic 
exammation cannot be replaced by any radiographic procedure 

Laboratory procedures, particularly a blood count, may reveal an 
anemia, which in turn may suggest a hitherto unsuspected lesion in 
the digestive tract The presence of blood and pus in a smear taken 
from the rectum or mixed in with the stool indicates an organic lesion 
Pus IS nev er found in a normal stool, and blood only rarel) when the 
passage of inspissated material has tom the mucosa 

DIFFERENTIAL DIAGNOSIS 

The complaint by a pabcnt of rectal blecdmg does not always imply 
a long and tedious series of investigations The history, digital examina 
tion and proctoscopic or anoscopic picture may suffice to give an ade« 
quate diagnosis If more study is needed, the obvious things should 
be done first, such as a blood count, a barium enema, a contrast enema 
and a roentgenologic senes of the upper gastrointestinal tract, in that 
order 

If none of these examinations show a definite cause for bleeding 
and if the bleeding persists, hospitalization is in order It may be neces 
sary to repeat one or more of the procedures several times m order to 
localize an obscure lesion If the bleeding is slight and serious organic 
disease seems quite unlikely, it is entirely permissible to treat the pa 
tient for a short time with a bland, low residue diet and antispasmodics 
and to repeat any part of the examination and study after an interval 
of perhaps two weeks to a month’s lime 
If the bleeding is massive and there is no obvious cause which can 
be found, the most probable source is a benign polyp m the upper left 
colon Exploratory laparotomy may be necessary to disclose the source 
of the bleeding and e^en this procedure may be disappointing It is 
necessary and important to stress the need for a complete and careful 
emptying of the colon, not only of all barium, but of all fecal material 
before any laparotomy is attempted for this particular purpose 
The cause of rectal bleeding is usually obvious, but it may be so 
obscure tliat it presents a senous diagnostic challenge As a rule, the 
cause of the bleeding is insignificant, but again it may indicate senous 
organic disease In no case is it justifiable to dismiss the bleeding 
lightly The burden of proof is squarely on the shoulders of the physi- 
cian and it should not be shifted to the radiology department or the 
laboratory The cause of bleeding should not be left unexplained If 
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an adequate cause cannot be found, if the bleeding continues despite 
a careful dietary program, and if a repetition of the studies does not 
disclose a cause, exploratory laparotomy is not only justifiable, but 
mandatory The cost to the patient in time lost and in hospital expense 
is considerable, but the cost of delay until the diagnosis becomes more 
obvious may mean that the pabent has paid too high a price 



THE CLINICAL SIGNIFICANCE OF DIARRHEA 
Ev’erett D Kiefer 

The term diarrhea is applicable only to a symptom but the diarrheal 
diseases olten present cbmcal problems m both diagnosis and treat- 
ment For purposes of practical consideration the diarrheas may be 
classified as acute, functional and chronic organic diseases 

ACUTE DIARRHEA 

The acute diarrheas are infectious or toxic in ongm and include 
the endemic and epidemic diarrheas which are kno^vn as acute en- 
terocolitis, mtestmal flu,” “summer diarrhea” and food poisomng 
The causative agent m this group is extremely variable In cases 
of primary infection of the intestinal tract some member of the Salmo 
nella group of organisms is often found Hardy and Watt have em 
phasized the importance of the Shigella paradysentery bacilli as a 
cause of epidemic acute diarrheas Apparently these organisms pro 
duce severe bacillary dysentery in tropical countries but m temperate 
zones they may cause acute, comparabvely mild disorders which are 
chnically indistinguishable from the diarrheas caused by the Salmo- 
nella infections For some time it has been suspected that there is an 
airborne enlerotropic filtrable virus which causes acute diarrhea, and 
recently Reimann, Hodges and Price have reported success m trans 
mittmg an acute diarrhea to volunteers by means of the inhalation of 
a fine mist made from filtered nasopharyngeal washings or from stools 
of patients Parenteral mfections, particulaily of the ear, nose and 
throat, by staphylococci, streptococci or pneumococci may give rise 
to toxic diarrhea Staphylococci and other organisms are involv’ed in 
cases of acute food poisoning, while the products of bacterial decom 
position are thought to be responsible for the violent and acute diar- 
rheas known as "sewage poisomng ” 

The acute diarrheas may be identified clinically by their sudden 
onset \vilh accompanymg signs of acute gastrointestinal irntation such 
as vomiting and abdominal cramps Fever, general malaise and pros 
trabon are prominent features Mild upper respiratory symptoms may 
be present The epidemicity as manifested by the occurrence of other 
cases in the patient’s family or throughout the community is a diag- 
nosbe point The duration of the acute diarrheas is charactensbcally 
short, approximately from two to seven days, and usually the pabent 
has fully reco\ered by the end of the second week from the time of 
onset Stool cultures m-iy be helpful m the diagnosis in a limited 
579 
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proportion of cases Actually however they are of little value in the 
sporadic case If the stool can be cultured within forty eight hours of 
the onset of symptoms a fair proporhon of positive results may be ex 
pected but as a rule by the lime the patient seeks medical aid the 
stool culture is negative On tlie other hand in the control of wide 
spread or explosive outbreaks of diarrheal disease the identification 
of the offending organism by stool culture is of definite value 

Treatment otlier than symptomatic therapy is usually unnecessary 
for the acute diarrheas since the disease is of short duration self 
limited and rarely serious in adults Food except for hot water and 
hot tea may be completely eliminated for from hventy four to forty 
eight hours or the diet may be restricted to boiled rice farina plain 
soda crackers and boiled milk Deodorized tincture of opium in dos 
ages of 10 minims every four hours tends to keep the patient more 
comfortable After the first acute stage bismuth or kaohn may help 
to bring about formation of the stools The sulfonamide drugs are 
rarely indicated hut there seems to be no harm in giving the poorly 
soluble succinylsufathiazole although the benefit derived from this 
form of therapy is questionable If fe\er is persistent or if stool cul 
tures are positive for one of the Flexner strains of S paradysentery 
sulfadiazine or sulfatluazole may be used Tins medication should be 
accompanied by measures which insure an adequate output of alkaline 
urine otherwise the diarrhea causes concentration of the urine and 
crystalluria 

FLI^CTIONAI> DIARRHEA 

Diarrheal disorders designated as functional include those caused 
by irritating food or drink food idiosyncrasies laxative drugs nervous 
factors achlorhydria and irritable colon 
Dietary Causes —Certain individuals apparently have hypersensitive 
gastrointestinal tracts and suffer from diarrhea as a result of the mges 
tion of foods which arc mechanically and chemically irritating to the in 
testine These patients are frequently food faddists and indulge in liberal 
quanbties of so called “health foods which are prepared with special 
emphasis on their high residue and active laxative properties Highly 
seasoned foods as well as excessive quantities of raw fruits and raw 
vegetables are common causes of intestinal hypermotility 
Alcohohc beverages can cause loose stools m some mdividuals and 
diarrhea may be one of the chief complaints of the chrome alcoholic 
Gastrointestinal allergy occasionally causes diarrhea and may be sus 
pected if the patient gi\ es a history of diarrhea which always occurs 
shortly after eating a particular food Such a history does not always 
indicate an allergic disturbance however For example it is not un 
common for a patient to report diarrhea after drinking milk On ques 
tioning however it usually develops that the diarrhea has followed 
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liie dnnians: of lir^e quanhtiej> of ice cold roilk tut that warm tmik 
m reasonable quantitiei ts tolerated. If the inlestinal disturbance 
!:> accompanied b\ urticana, particuIarK around the hps, the allergic 
nature of the disorder probable The diicmosis is best made b\ trial 
ehmiaation of the suspected food. Stm tests for castrointestmal atop\ 
ha\-e pro\'ed unsatisfactory and often misleadinc. 

\ habit of dnnkmc excessive quantities of fluids is sometimes a 
cause of tdiroQic diarrhea which ma\ be overlooVed. Ice cold dnnVs m 
particular are acti\ e stimulants of mtestmal moblilv 

\ probable diasmosis of functional diarrhea from dietary causes 
may be made by inquiry into the patient s eatm" and dnnlans habits. 

Dn;ss— Some patients have diarrhea from the habitual use of laxa 
tives which they taXe for real or fancied bowel diiorders or because of 
p-unful anorectal conditions Other medicines taXen for other condi 
tions may stimulate intestinal moblity -Vn mquuy mto the medicabons 
frequently used by the pahenl may explain the bow el symptoms 

Achfcrhi/dnc has been blamed for the so^ralled gastrocenous diar 
rhea, but it is doubtful if achlorhyxlna fjcr sc causes diarrhea Bipid 
emptvins cf the stomach tna\ be a factor and patients yvith acblor 
hedna are apparently more suscepbble to mild food infections prob* 
ably due to the absence of the s*enlmni: effect exhibited by normal 
castnc ]uice Treatment of this condition by replacement therapy 
IS entirely madequale m the dosages of hydrochlonc aad whidi can 
be Gven. \ bland diet usudly suffices to Xeep the condition under 
controL 

\ercctts Feeforj — Duirrhea of nenxjus oncin is y'ell recomuzed and 
IS often characterized b\ an immediate un:e to no to stool comadent 
yyath emotional excitement Chrome diarrhea is often aegravated b\ 
nenxms upsets and accordmi: to the ney\er concepts of psyxhosomatic 
<l.iease it possible tbit prolonned and intense psychic stimuli mu 
even lead to structuril chances in the bowel ycafl 

The diarrhea which frequently is associated yxith «:eyere thyn>- 
taxico»i> IS an example of disturbed mtestmal mohliti mobvaled b\ 
autonomic neryous infiiiences, 

aiKOMC ORC\MC DURRllEA 

\ third variety of diarrheal disorders may be called the chrome, 
orgamc croup since the diarrhea is usudly chronic or at least per 
sistent and is alyyavs caused by orcamc disease such as cancer bemeu 
tumors, polyposis, diverbcuhtis. tuberculosu ulceratiy-e cohbs, bacil 
Ian dv^nlen amebiisis. ileitis sprue and other diseases of the small 
and larce mtestme 

\lthouch the acute and functional U-pes of diarrheal diseases are 
usually ^d. bemcn (borders requmne no more than symptomatic 
expectant treatment and correctiou of livinc habits, this third croup is 
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made up of serious conditions and any delay in diagnosis, or time 
spent on expectant therapy, may constitute a serious error in man 
agement A case of diarrhea from organic disease usually presents 
one or more clinical features which should arouse suspicion that it 
falls within the more serious group These may be listed as (a) a 
duration of diarrhea for more than Aree weeks, (h) the diarrhea rep 
resents a disbnct change from the previous bowel habits, (c) the 
patient’s age is over forty, (d) blood or pus in the stool, (e) persistent 
fever (more than a week), (/) signs of partial or mteriruttent intes 
tmal obstruction, (g) malnutrition, and (h) anemia 

DIAGNOSIS 

Any case of diarrhea presentmg one or more of the above chmcal 
features is deservmg of diagnostic study until an adequate explana 
tion of the symptom has been established The study cannot be con 
sidered to be complete unless it includes the general physical examma 
tion, the digital examination of the rectum proctoscopy, roentgenologic 
studies of the gastrointestinal tract microscopic examination and cul 
ture of the stool, tests for free hydrochloric acid m the gastric juice, 
and routine blood counts and hemoglobin determination 

Rectal Examination —The digital examination of the rectum may 
explain a diarrhea by disclosing a new growth or a stricture within 
reach of the examining finger It is also possible to palpate a mass 
involving the sigmoid when it is low lying m the pelvis and can be 
felt through the rectal wall 

Prortoscopy —The proctoscopic examination is a most satisfactory 
procedure because by direct inspection of the mucosa, the slightest 
abnormality is easily detected Unfortunately the scope of this exami 
nation is limited to the rectum and lower sigmoid This procedure is 
of additional value m that it facilitates the collection of a stool speci 
men for immediate microscopic examination 

Roentgenologic Examination —The barium enema is the most use 
ful roentgenographic procedure in the study of diarrheal disorders 
Adequate preparation with castor oil may be required but in cases of 
acbve severe diarrhea preparatory cathartics and enemas are not 
usually necessary 

Obstructive lesions of the colon and gross changes in the bowel 
wall are easily detected by the banum enema on the other hand, small 
nonobstnictn e lesions may require repeated banum enemas as well 
as the double contrast air enema for their demonstrabon Nonobstruct 
mg lesions at the rectosigmoid juncture are easily missed by the barium 
enema This is one of the most important reasons why x rays and the 
proctoscope should supplement each other in the study of every case 
of diarrhea 

Since some diarrheas originale m the small mtestine, it is often 
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desirable to studj this part of the lotestinal tract with senal films after 

a banuui meal , , . i ^ i 

stool Eaommntioo-The gross inspection of the stool may reveal 
considerable mformaUon A bulky, foamy, fonl, rancid stool is mdica 
bve of sprue or a related condition A viatery foam> stool is suggestive 
of a small intestmal disorder The presence of pus and blood is m 
dicabve of an erudabve or ulcerabve condibon in the colon or rectum 
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Fig 2o6 —Carcinoma of proximal transccrse colon Patient s chief complaint 
was diaxibea Banum enema demonstrated typical annular fillmg defect with 
ngid channel and characteristic overhanging or ‘hooking’’ of the banum column 
aiotmd the tumon 

The immediate microscopic exammabou of a drop of stool or 
exudate obtained through the proctoscope and diluted with normal 
saline solubon is a practical method for searching for the motile forms 
of amebae The presence of blood cells pus cells and parasibc ova 
ma> be established b> this simple test 

As a rule, it is adiasable to send a stool specimen to a laboratory 
for culture and for concenbation procedures which increase the prob 
abilit) of Ending amebic c>sts and parasibc o\a 



584 


EVEMnr D XliXER 


The diagnosis of intestinal disease depends therefore upon the 
clinical picture developed from several diagnostic procedures which 
should be correlated by a clinician who is familiar with the short 
comings as well as the significmce of each test 

TUMORS 

Diarrhea is not an uncommon symptom of new growths of the colon 
and rectum The bowel dysfunction tends to be progressive in seventy 
and the diarrhea tends to be mlennittent and usually associated with 
signs of incomplete obstruction such as severe cramps loud borbo 
rygmi visible peristalsis tenesmus and periods of obstipation The 
frequency of gross blood in the stools depends upon the location of 
the malignant lesion If the growth is in the right colon blood is 
rarely seen but it is present in about one fourth of the cases mvolvmg 
the left colon and nearly all of the rectal tumors produce gross bleed 
ing The diagnosis is made either by visuahzmg the tumor through the 
proctoscope or by demonstrating the characteristic obstruction or 
defect by roentgenogram (Fig 256) 

Tlie treatment of all new growths of the large bowel is surgical 

DD'ERTICUUTIS 

Acute diverticulitis is a comparati\el> rare complication of diser 
ticulosis of the colon which is a very common condition Diarrhea 
IS often a symptom of the recurrent attacks of diverticulitis to which 
certain individuals with diverticulosis seem to be paitieularl) sus 
ceptible Frequent small watery stools associated with lower ab 
dominal pain tenderness fever and leukocytosis constitute the general 
clinical aspects of this disease Although the stools may be free of 
abnormal constituents microscopic examination often does show pus 
cells and red blood cells It has been reported that in up to 22 per 
cent of the cases of diverticulitis visible blood may be present in the 
stools Massive hemorrhages haxc occurred m acute diverticulitis 
Symptoms of partial obstruction and the presence of a palpable mass 
also increase the difficulty in the differential diagnosis of diverticu 
Iitis and carcinoma 

Fever tenderness and leukocytosis are signs favoring an inflam 
matory process rather than new growth The proctoscopic findings m 
diverticulitis are a normal mucosa occasionally some fixation of the 
Sigmoid and usually marked pain associated with any attempt to m 
troduce the scope into the sigmoid Certain roentgen characteristics 
have diagnostic value Marked spasm and tenderness of the sigmoid 
in the presence of demonstrated diverticula are presumptive evidence 
of dix erticuhtis When a partially obstructing inflammatory mass is 
demonstrated by roentgenograms the filling defect is characteristically 
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longer than that of on annular new growth and the ends are pointed 

or fusiform (Fig 257). i * i i 

Tlie frcflfmcnf of acute di\ erticulitis consists of complete bed rest, 
a bland, low residue diet, and administration of aiitispasmodics and 
sulfonamides. 



Fjg -n. •» I ' coinplainl was diaixhea. Banum enema 

showed “ct in sigmoid and diverbculosis The 

charactei e (1) the unusual length of the defect, 

(2) the absence of "hooking” and (3) tenderness and fi-tauon on palpabon 

In cases of perforation and persistent obstruction, temporary colos- 
tomy may be necessary to permit resolution of the inflammatory mass 
or later surgical resection 

Tlie final differentiation from malignant disease may rest upon the 
improvement under treatment as demonstrated by repeated roent- 
genologic studies 


INTESTINAL TUBERCULOSIS 

Involvement of the gastrointestinal tract in cases of tuberculosis is 
often heralded by diarrhea Since flie ileocecal region is the common 
site of tuberculous ulcerations, diarrhea from intestinal hy^permotility 
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IS the result. The ultimate fibrosis, thickening and granuloma forma- 
tion may also give rise to chronic diarrhea which may be severe and 
debilitating. Crampy, colicky abdominal pain is characteristic and 
often a prominent symptom 

The diagnosis is made by demonstrating by roentgenograms in- 
creased irritability of the ileum and right colon with changes in the 
mucosal pattern and in the outlme of the lumen (Fig. 258). \Vhen 


Fig 258 ~lleoceeal tubercviosts Pam and diarrhea were the chief complaints 
Pulmonary tuberculosis was present. Tlie diaractenshc hypenrritabihty of the 
cecum, the obliteration of the normal mucosal pattern, the contraction of die 
lumen and fistula (arrow) formabon are shown. 

these findmgs are present in connection with active pulmonary tuber- 
culosis with positive sputum, they are strong presumptive evidence 
of ileocecal tuberculosis 

The finding of tubercle baalh in the stools is not diagnosbc of 
gastrointestinal tuberculosis unless it can be proved that the sputum 
IS negative. 

The chronic tuberculous anorectal lesions and perineal fistulas are 
generally accepted as secondarily infected, previously existing lesions 
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of region b> the B tuberculosis present m the feces as a result 
of s^^*allo^^ed sputum or a tuberculous lesion m the mtestmal tract 
(kantor) 

The ^ironic hj’pertrophic form of intestinal tuberculosis produces 
fairly well localized granulomatous tumors, usuall) of the ileocecal 
region The symptoms are chronic or intermittent diarrhea pain and 
other signs of partial obstruction associated wath a palpable mass Tlie 
historj is usuall) longer and the s>stemic effects, particular!) the 
anemia, are much more pronounced in cases of ne\% gjovi'ths of the 
cecum of corresponding size 

The roentgenologic differenbalion from carcinoma of the cecum is 
not alv.a^’s possible, but m general the tuberculoma produces a smaller 
filling defect m the lumen and a much more extensn e thickenmg of 
the wall of the cecum Furthermore, the tuberculous lesion usualh 
includes the tertrunal ileum which is an important differential pomt. 

The treatment of mtestmal tuberculosis should be conser\ atii e In 
more recent jears, surgical resecbon has been limited to cases wath 
obstrucbon or other compUcabon A bland, high calonc, high ^atamln 
diet, artificial hehotherap) , along wath the measures usuall) indicated 
m the treatment of the pulmonai) phase of the disease hai e greatli 
unproved the prognosis m this disease 


amOMC ULCERATIVE COUTIS 

Chrome ulcerahve cohbs is discussed elsewhere m this volume 
Chrome severe diarrhea is the most outstandmg s>anptom of this 
disease 


BAatLARl D\SENTER\ 


D)'sentenc infecbons due to Shigella d)*sentenae are a common 
cause of acute and chronic diarrheal disease in the bopics and sub- 
bopjcs and are not infrequent!) met wath in temperate zones Al 
though the disease is characlensbcally an acute cohbs chrome per 
sistent diarrheas sometimes result It has been thought that a bacillar) 
dysentenc infecbon ma) lead to a diromc cohbs mdistmguishable 
from idiopathic ulcerabv e cohbs 

Climcall), the disease is characterized bv an acute onset of fever 
abdommal pain, vomiting and dianhea The assoaated toxemia and 
prosbabon are extremely marked The chmcal sevent) mav van 
wathm wide limits The usual durabon is from fiv e to fourteen da)’s 
but more chronic forms of the disease occasional!) follow the acute 
stage 


The diagnosis is usually made dmicaU) and confirmed bv culture 
S, severe cases the stools ma) be negahve after 

the third day of the disease The serum ag^ubnabon tests are of little 
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value m clinical diagnosis since they do not become positive until the 
third week after the onset 

The proctoscopic examination m the acute phase shows a diffusely 
inflamed mucosa, with edema, exudation and some shallow ulcerations 
Roentgen studies are not usually possible m the acute stage but when 
done show evidence of marked spasm and irntibihty of the bowel and 
edema of the wall of the intestine 

Treatment is largely supportive and symptomatic Bed rest, a light, 
bland, low residue diet, warm fluids, and opium constitute the basis 
of therapy Parenteral administration of glucose and saline solutions 
may be necessary in some cases 

Sid/onmnrdcs —Although Iht most dramatic action of these new 
drugs has been against the cocc.tl forms of microorganisms, expeii 
meats hive shown that they arc also bactericidal, m vitro at least, for 
several members of both the Shigella paradysentery and the Salmo- 
nella groups of pathogenic bacilh and are bacteriostatic for several 
others (Stearns and Finland, Netcr) 

The degree of activity against the intestinal coliform flora as c\* 
hibited by the various sulfonamides diminishes in the following order 
sulfapyndmc, sulfadiazine, sulfathiazole, sulfaguanidine, succmylsul 
fathiazolc and sulfanilamide (White) 

The reports m the literature uiion the clinical effectiveness of the 
sulfonamides in the treatment of colon infections liavc been somewhat 
conflicting Many of the favorable reports ]ia\e been based upon 
clinical impressions of the results obtained in uncontrolled senes In 
studies m which a control group of untreated cases was compared 
with those receiving the drug theie was much less enthusiasm o\er the 
effectiveness of chemotherapy, although 'm some reports there was 
fauly convincing evidence of benefit from the drug (Baker, Swycr 
and Yong, Hardy and Watt, Adams and Atwood, Sandweiss, Smith) 
The clinical experiences recorded in the literature indicate that the 
Flexner varieties of Shigella paradysentenae respond most favorably 
to sulfonamide therapy, while Sonne dysentery and Salmonella infec- 
tions are the least favorably affected 
Most observers agree that the clinical effectiveness is m direct pro 
portion to the absorbability of the drug used In the active acute stage 
of bacillary dysentery, the earlier and more dramatic effects shown 
by the highly absorbable sulfadiazine and sulfathiazole as compared 
to the later and less obvious effectiveness of sulfaguamdme are prob 
ably due to the presence of the Shigella organism m the bowel wall 
ratlicr than in the bowel content The offending organism is reached 
more directly through the blood stream and a high blood level is de 
sirable Therefore, in the treatment of bacillary dy<entery m the acute 
stage with fever and other systemic S)miptoins, cither sulfadiazine or 
sulfathiazole is indicated 
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The use of the moderately soluble sulfaguanidine and the poorly 
soluble succmylsufathiazole has been most favorable in the treat- 
ment of the carrier state after clinical recovery It has been reported 
that the stool cultures become negative several days sooner under 
the influence of medication with these drugs (Ferriman and Mac 
Kenzie) 

Tlie chief usefulness of succmylsuUathiazole is apparently its 
prophylactic effect It has been shown that in the dosage recom- 
mended the concentration in the fects is well abov e the concentration 
necessary for bactenostasis (Brewer) 

AMEBIC DYSENTER\ 

In a relatively small percentage of cases amebic dysenteiy may 
occur as an acute fulminating diarrheal disease with signs and symp 
toms of an ‘acute abdomen,” often leading to laparotomy for suspected 
appendicitis or other acute inflammatory condition In the usual acute 
case the abdominal pain, fever, leukocytosis, prostration, tenesmus 
and bloody diarrhea constitute a clinical picture indistinguishable from 
severe bacillary dysentery 

The most common form of intestinal amebiasis is a chronic carrier 
state with intermittent bouts of diarrhea and abdominal symptoms and 
chronic ill health 

The (hognosis of amebic dysentery depends upon the demonstra- 
tion of Endamoeba histolytica m the stool or exudate from tlie bowel 
The finding of the motile trophozoites constitutes the most convincing 
proof They are most abundant m diarrheal stools or m the watery 
movements following catharsis When the stools are solid, the amebae 
have largely become encysted The cysts are somewhat more difficult 
to discover and identify, but flotation concentration methods of pre 
paring the stool increase the chances of finding them 
The proctoscopic examination is of considerable value in diagnosis 
since in many cases the characteristic localized ulcerations are pres- 
ent However a negative proctoscopy does not rule out intestinal ame 
biasis A specimen of mucus or exudate should be removed from the 
rectum at the time of proctoscopy and examined immediately under 
the microscope The motile amebae, when present, are particularly 
active and easily identified in this way 

The roentgenogram is of little value in diagnosis It usually demon 
strates an irritable, spastic bowel without definite evidence of organic 
disease 

The treatment of amebic dysentery consists of the routine measures 
for diarrhea plus specific chemotherapy Emetine is the drug of choice 
for the acute case since it gives the quickest relief of symptoms 
Because it is a neuromuscular toxin and is cumulative m its effect 
emetine is a dangerous drug Its use should he limited to a single 
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course of intramuscular injections of 1 gram daily for from six to 
ten days 

Chiniofon {yalren iodo\> quinoline sulfonate) a compound con 
taming approximately 26 per cent iodine, is probably the safest and 
most effective amebicide It should be given following the course of 
emebne in active amebic dysentery and should be used without erne 
tine in earners The dosage is from 05 to 10 gm by mouth three 
times duly for from eight to ten days 



Fig 2^9 -^Hegionalileilis Diarthr^ a prominent symptom This film taVen 
l«o hours after a banum meal shows separation of the small intestinal loops 
ivatraclion ngidity anH r’W teraSon d the nomal mucosai tnai^isgs involving 
sevetnl loops of ileum 

No atnebicide is successful m eradtcaiia^ the disease w 300 per 
cent of cases Protracted cases are usually gisen additional courses of 
other iodine drugs such as aaoform or diodoquin or an arsenical such 
as carbarsone 

nECIO^AL KJEITIS 

Chrome infiammatorj disease of the small intestine may be the 
cause of dianhea Acute regional fleitis may present a clinical picture 
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indistinguisbable from acute appendicitis although diarrhea is more 
common in acute ileitis. The more chronic forms of this disease often 
give rise to chronic diarrhea, intermittent abdominal pain, particu- 
larly follo™g meals, mild fever, leukoc>'tosis and anemia. In severe 
cases malnutrition, hypoproteineroia and avitaminosis may result from 
the interference m intestinal absorption. In some cases an elongated, 
ropy, firm abdominal mass cim be felt, usually in the right lower 
quadrant. 



Fig 260 —Defictency disease Diarrhea was a prominent symptom This film, 
taken one hour after a bantim meal, shows changes mTOlvuig the entire small 
intestme. Edema of the wall and mucosa and impairment of the neuromuscular 
mechanism have caused irregular dilatations, wth “puddling” as well as coarsen- 
ing and obliteration of the normal mucosal markings 

The diagnosis is made by roentgenologic study of the small intes- 
tine vvdth serial films following a barium meal (Fig. 259). 

The proctoscopic examination and the barium enema are of value 
only in ruling out disease of the colon. 

The stools in Jeitis are characteristically foamy and rancid. The 
microscopic examination reveals no abnormal cells, but the occult 
blood tests are usually strongly positive. 
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The treatment of regional ileitis is essentially surgical particularlj 
if the disease is well localized or is complicated by obstruction or 
perforation of the intestine (hjefer and Ross) 

The medical management is similar to that used m the treatment 
of ulcerative colitis 

SPRUE 

Diarrhea may be an outstanding symptom in conditions character 
ized by impaired absorption in the small intestine In this group of 
disorders are non tropical sprue steatorrhea celiac disease and pan 
creatic fibrosis 

The diagnosis of this type of disorder is made from the study of 
the stools the blood and routine studies of the gastrointestmal tract 
Edema of the small mtestinal mucosa gives rise to the characteristic 
deficiency pattern (Fig 260) 

Treatment consists of a high protein low residue diet with higli 
vitamin administration both by mouth and parenlerally liver extract 
intramuscularly and prepared stomach by mouth The starch in the 
diet is supplied largely by bananas prepared m various ways or raw 

Transfusions of blood or plasma are often used to overcome the 
hypoprotememia and the anemia 

$UMAfAR\ 

Diarrhea as a symptom has been reviewed in the light of its chnical 
significance 

The clinical features which aid in distinguishing between unimpor 
tant and serious diarrheal conditions have been discussed 

The diagnostic methods which should be employed m the study 
of pabents with diarrhea have been outlined 

Descriptions of some of the important diseases which cause diar 
rhea have been included along with brief outlines of the diagnosis 
and treatment 

REFERE^CFS 

1 Adams J W Jr and Atnood R T BaciHarv d>sentery War Med 514-20 

(Jan ) 1944 

2 Baker B A The tl erapentit % il >e of sulphaguanidine m tl e treatment of 

bacillary dysentery M J Australia I 433— 137 (May 13) 1944 

3 Breiver A E Sonne disentcry earners treated with succinyl sulphathiazole 

Lancet 2 471^72 (Oct •) 1914 

4 Fcmman D G and Mackenzie G K Companson of sulphonamides in 

bacillary d)sentery Lancet 2 687-688 (h.o\ 25) 1944 

5 Hardy A \ and Watt J Tlie acute <1 arrbeal diseases JAMA J2-/ 11"^ 

1179 (Apr 22) 1944 

6 Kanlor J L Digestiie disorders in tl e tuberculous and their management 

Rocky Mountain M J -10 167 173 (Mar ) 1943 

7 Kiefer E D and Ross J R Cnlena in the management of regional ileitis- 

JAMA 129 104-108 (Sept 8) 1945 



TIIE CLINICAL SlCNnnCANCE OF DIAIUUIEA 


593 


8 Neter, E Inhibitory effect of sulfaimdo compounds upon de\elopmenl and 

g^o^vth of phage-resistanl baclem Proc Soc Exper Biol and Med^ 
47 20-23 (May) 1941 

9 Reimann, H A , Ilodges, J H and Pnce A 11 Epidemic diarrhea, nausea 

and \ormting of unknown cause JAAtA^ 127 1-6 (Jan 6) 1945 

10 Sandweiss D J Diarrhea and baallaiy d)sentery in Detroit Harper llosp 

Bull. 2 49-54 (Dec) 1944 

11 Smith i, A Shiga dysentery J AAI A, 130 18-22 (Jan 5) 1940 

12 Strauss, E and Finland M Bacteriostatic and bactenadal action of sulfa- 

diazine m \atro or gram negalixe bactena Proc Soc Exper Biol & Med^ 
47 432-434 (June) 1941 

13 Suyer, R and Yong R K W Sulpliamlylbcnzanude sulphamlylamido- 

benzamide and succmyl sulphatlua^ole m cbemollierap) of Sonne dysen- 
tery Bnt M J, J 149-151 (Feb 3) 1945 

14 II J Comparative activity of sulfonamides against cohform bactena 
in intestines of mice Bull Johns Hopkins Hosp, 71 213-234 (Oct ) 1942 



THE USE OF DOUBLE COISTRAST ENEMAS IN LESIONS 
OF THE COLON 

MaCNUS I SJlIEDAL 

The use of air m the colon as a contrast medium in conjunction 
with barium to produce a double contrast enema is a very valuable 
procedure and should be employed more often This procedure is 
used in this Clinic m all cases of suspected polyps, and also in all 
cases m which polyps are demonstrated by proctoscopy and sigmoid 
oscopy m order to determine the presence of additional polyps We 
are rarely satisfied with a smgle examination If what is believed to 
be a polyp is demonstrated or if in a case of unexplained hemorrhage 
the double contrast enema is negative, a second examination is always 
done m order to confirm the presence or absence of a lesion By re 
peating the exammation in cases in which the findings are positive, 
we are less likely to call a fecal bolus a polyp In the negative cases 
it is assumed that a polyp was not found on one examination 
In a previous report,^ the fact was stressed that m a senes of 827 
cases of cancer of the colon and rectum, in 14 per cent the carcinomas 
were found to have arisen on the basis of a preexisting polyp and 
were true malignant adenomas It is a regrettable fact that a double 
contrast enema is not a simple procedure, the interpretation of the 
films IS not easy and its use m the usual case is practically hmited to 
the left colon Occasionally, the right colon can be visualized, but m 
most cases we find that in order to get a small amount of barium 
mto the right colon the left side is o\erfilIed and the resulting air 
contrast roentgenogram is of no value 

Double contrast enemas ha\e proved to be of value in a few cases 
in which a differential diagnosis is needed between diverticulitis and 
malignancy, espeaallj when di\erticu1itis is known to exist A good 
double contrast enema enables one to see the mucosal pattern and 
when viewed stereoscopically, the lumen and mucosal pattern of re- 
dundant and overlappmg loops in the distil colon are seen to much 
better advantage than followmg tbe ordinary barium ervema The 
value of stereoscopic films cannot be overemphasized 
Method.— Prepiration is all important and we still depend upon a 
castor oil purge of 1 to 2 ounces given the night before examination 
Meals m the intervil between the purge and examination should he 
light to reduce the bulk in the colon Iluids should be limited for six 
hours before the contrast enema If sigmoidoscopy precedes the con 
trast enema the surgeon usually orders a saline enema, given just before 
the sigmoidoscopy An interval of two hours should then elapse before 
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the centrist enema film is made in order to allow sufficient time for 
absorption of excess fluid in the colon 
Since most of the contrast air enema films are made for the pur 
pose of studying the left colon sufficient barium is given slowly to 
allow a small amount to enter the descending colon Care must be 
taken to avoid distending the rectum because more barium will back 
into the descending portion than one wants 
The patient is then allowed to expel as much barium as possible 
following which air is injected using an air pressure bulb attached to 
a rectal tube Sufficient air is given to allow the cecum to distend 
slightly We try to a\oid getbng air into the ileum since its presence 
there tends to obscure the sigmoid The patient is then turned to the 
prone position and stereoscopic films are taken with Bucky apparatus 
Both films are taken while the patient holds hts breath in order to get 
proper stereoscopy A second set of stereoscopic films is taken after as 
much of the air lias been expelled as is possible We find the empty 
ait contrast films very xaluaWe when looking for polyps as will be 
shown m the accompanying illustrations 
Figure 261 is a jiill double contrast air enema film which shows a 
soft tissue mass roughly 1 5 cm In diameter lying within the lumen 
of the proximal sigmoid There are irregular flecks of barium scat 
tered over its surface Figure 262 is an empty contrast air enema film 
taken after the air has been expelled and shows an area m the left 
lower quadrant with barium markings similar to that seen in the fuH 
film The bou el has contracted so that the lumen is no longer visual 
leed At operation a polyp 1 cm m diameter and having a pedicle 
5 cm long was removed from the sigmoid 
Figure 263 is an empty double contrast film showing an apparent 
mtraluminar shadow Note however that there is a good mucosal 
pattern leading into the area Figure 264 which is the full double 
contrast film shows no unusual shadow m this area Stereoscopically 
the object in the empty film is seen to be a bend m the sigmoid 
viewed on end 

Note the shadow in the proximal sigmoid on the full film with the 
ohaious long stalk of a polyp On the empty film the bowel is nar 
rowed in the same place but the polyp has been covered over by 
barium and it has slid down the bowel 
Diaerticiilosis —Figure 265 illustrates a case of diverticulosis This 
IS not intended to infer that we use double contrast enemas to make 
that diagnosis but is included to show how well the lesion is 
\isualized Viesved stereoscopically the intact lumen and mucosa are 
seen throughout the rectosigmoid and sigmoidal areas The redun 
dancy and overlapping of loops do not obscure any portion Note the 
mucosa m the area of spasm The barium enema film in this instance 
of course is characteristic of diverticulosis (see Figs 266 and 267) 
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Oxverticubtis —The regular banum enema is characteristic of diver 
hculitis without gross mflammalory mass A spot film of the area is 
shown m Figure 26S The double contrast enema is shown m Figure 
269 Its advantage is that, viewed stereoscopically, a much more de 
tailed study can be made of the lumen of the bowel which is seen to 
be narrowed but intact, except for the diverticula The lumina and 
mouths of the diverbcula can be clearly seen 

Dtierticulilis Supcriniposetl Carcinoma —This patient had 
had a known diverticuhbs of tiie sigmoid for years, mahgnant disease 
had been suspected m March 1944 A spot film of a banum enema 
made at that time shows narroiving of the lumen of the sigmoid uifh 
some normal mucosal markings present Numerous diverbcula may 
also be seen up to the edge of the narrowed porbon (Fig 270) 

In December 1945 a banum enema (Fig 271) showed increased 
mvolvement of the sigmoid with gross distortion of the mucosal pat 
tern This should be sufficient for a diagnosis of carcinoma but \se 
felt that a double contrast enema contnbuted considerably Figure 
272 Is the double contrast enema film made on the same date Vieued 
stereoscopically it is superior to the ordinary banum enema m show 
ing the detail of the mucosal distortion the amount of actual narrow 
mg of the lumen and tfie definitely irregular sbeK mg margms charac- 
tensbe of carcinoma Both carcinoma and dnerbcuhtis were present 
m die specimen resected 

sinniARY 

1 Double contrast an enemas are invaluable m searching for polyps 
m the distal colon 

2 The double contrast enema should be used more frequently in 
cases of diverticulitis when a differential diagnosis from carcinoma 
IS wanted. 

3 It should be remembered that the regular barium enema must 
precede the double contrast enema m all cases of suspected disease 
of the colon 


BEfEHENCE 

1 Swmlon N W and Warren Shields PobTis of the colon and Teetnm and 
theu^ relation to malignancy J.AM A 113 1927 1933 (^ov 25) 1939 



ROENTGEN DIAGNOSTIC METHODS FOR DETECTION 
OF COLONIC LESIONS 

Mabtin L Tracey 

For lesions above the rectum and sigmoid the method of choice for 
etermming location and extent of colonic lesions is roentgenography 
illomng tlie barium enema The rectum and rectosigmoid seldom 
resent positive findings except in large, far advanced lesions There 
Dre, with (1) any change m bowel habit (2) any unexplained rectal 
leeding and (3) anemia without visible bleeding, a digital and proc- 
osigmoidoscopic examination should precede the barium enema It 
5 wise even with visible anal lesions to rule out ulcerative, inflam 
natory and neoplastic lesions of the upper colon with these proce 
lures 

Preparation is not used It is believed unnecessary because it Nvill 
nask functional disturbances by promoting spism and untabihty, and 
aecause we feel that no greater numbers of lesions are overlooked 
by doing the barium enema without preparation than ^vlth prepara 
tion The experienced roentgenologist who visualizes a suspicious area 
may wish to recheck it with preparation and on air contrast film A 
suspicious area both with and without preparation in the same loca 
tion IS excellent positive evidence One may often suspect a defect m 
an undisturbed (unprepared) colon because of noting a dilated feces 
filled colon behind an area of apparently normal caliber, this area 
can then be carefully recbecked following preparabon We feel that 
polyps and small lesions wll need preparation and air contrast studies 
when suspected and undetected in the unprepared colon 
The technic of the banum enema should in general follow a plan 
To judge iuucboua} disturbances— hy rate <?/ Sow (average hw to 
four minutes) and avithout mtertuphon, and the presence of more 
than average, or absence of, distress and tenderness— one should have 
the can containing the barium at a standard fixed height above the 
floor and table A small amount is run in witli the patient supine so 
as to fill the rectum and then the patient is usually rotated far enough 
to the left to displace the sigmoid from the rectum (separate loops 
are palpated and fixation and filling defects determined with the 
patient so rotated) Excellent visualization is usually obtained and 
Elms are taken if there are positive findings Infrequently, the sigmoid 
loop ivill be nght sided and rotation toward the right hip will be 
necessary Finally, should the sigmoid remain in the pelvis turning 
the pabent into the prone posihon avill throw the sigmoid up into 
the abdomen for better visualizabon but uall preclude palpabon 
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As the enema is continued through the descending colon palpation 
should be done to observe flexibihty and intnlunnnal fixed defects 
The flexures are equally important and rotation to separate the 
ascending and descending limbs of the flexures for perfect visuah 2 a 
tion is usually necessary As a rule the distal transverse colon may be 
thrown oil the splenic flexure by turning the patient toward the right 
hip and conversely the proximal transverse colon is separated from 
the hepatic flexure by turning the patient toward the left hip One 
further maneuver is necessary to visualize the cecum and terminal 
ileum and that is rotation back toward the right hip At times expen 
ence dictates different maneuvers aided by manual separation of loops 
particularly to visualize a low cecum obscured by a large rectum or 
right sided sigmoid loop 

Spot films with cone pressure are quite valuable to bring out detail 
and record small intracolonic lesions oil the film 
To be noted in diagnosis of irritable colon are rate of flow hesita 
tion and spasm dilatation extreme distress absence of sensation of 
filling tenderness confined to colon miss peristalsis and amount of 
barium used (normal 1000 to 1500 cc ) 

With severe distress and spasm at the outset the patient should 
expel the barium instilled and return immediately for another barium 
enema Because of the antispasmodic effect of the initial barium a 
second attempt will usually be successful with much less distress to 
the patient 

A double contrast air enema is useful to demonstrate polyps Other 
intraluminal filling defects estimation of the size of the lesion and 
tuberculosis of the cecum and ascending colon may also be demon 
strated by contrast air enemas It should be ordered when negatne 
digital sigmoidoscopic and barium studies have failed to explain 
rectal bleeding change in bowel habit or anemia thouglit to be 
gastrointestinal in origin Preparation is a stne qua non it should be 
done even with diarrhea except in acute inflammatory lesions or de 
bilitatcd patients Castor oil 1 to ounces or citrate of magnesia 
6 to 12 ounces should be given the night before If ineffechve a 
cleansing enema (3 pints of soapsuds or saline) is given the nett 
morning Then a small amount of barium is introduced to fill as far 
as the lower descending colon if atonic and into the upper descend 
ing colon if spastic Tlie patient is urged to expel as much as possible 
when he is sent to the toilet Then air is introduced and followed over 
to the cecum Rarely will small lesions be \isualized fluoroscopically 
unless the site is previousl> suspected Stereoscopic films or at least a 
film while the colon is full of air and a recheck film after expulsion 
of air should be ordered 

In patients who find it impossible to retain the enema some in 
formation regarding the colon may lie obtained b> three six and 
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twenty four hour films after a banum encm^i or bj a binum meal fol 
lowed b) a saline cathartic and a film after catharsis to outline the 
mucosa 

The cecum and ascending colon may be very deceptive If informa- 
tion regarding these areas is not adequate from these procedures, a 
Miller-Abbott tube may be passed into the lower ileum and a small 
amount of dilute barium introduced to outline the area, or a Rehfuss 
tube passed into the duodenum and a small mtesbnal banum enema 
given— after which the banum should be at the cecum m fifteen min- 
utes and the area studied from there on 
Every physician attempting to manage gastromtestinal problems 
should be able to do his ovvai digital and sigmoidoscopic evanuna 
bons The exammations, coupled with these methods of investigating 
the colon, will result m a very high percentage of accurate diagnoses 


PRIMARY RESECTION OF THE RIGHT COLON 
RiaiARD B Catteix and Bentley P Colcock 

Duhing recent years, there has been a wider utihzation of the one 
stage resection for carcinotna of the colon as well as for benign and 
inflammatory lesions Similarly, the one stage abdominoperineal re 
section for carcinoma of the rectum has largely replaced the various 
two stage procedures formerly emplo>ed There are a number of rea 
sons why the one stage resection is favored Certainly, adequate re 
moval of the growth with immediate establishment of continuity by 
aseptic or open anastomosis is the simplest technical procedure for the 
surgeon The shorter period of hospitalization and the single opera 
tive procedure seem advantageous to the patient, both from the stand 
point of comfort and economic reasons It has long been demonstrated 
that the extenorizabon prmciple in avoiding an mtrapentoneal anas 
tomosis has been a safe procedure and has given good results from 
the standpoint of mortality and fi\eyear survival figures If there is 
to be general adoption of pnmaty resection it must be demonstrated 
that it can be done with equal ssiety 

A number of aids have been devwoped m recent years to increase 
safety svith primary resection Without question a much better pre 
operative preparation is earned out m patients having carcinoma of 
the colon The use of a diet high in protein carbohjdrate and vita 
mm content, the generous use of blood transfusions and better prepa 
ration of the intestine itself by saline purge and colonic irrigations 
have improved the condition of the bowel at the time of operation 
The widespread administration of the sulfonamide drugs particularly 
sulfaguanidine, succinylsulfathiazole and sulfathaladine have de 
creased the bacterial flora of the intestinal contents Intubation of 
the small intestine preoperatively by the Miller Abbott tube in mildly 
obstructed cases and the use of this same method of decompression 
during the immediate postoperative period, have likewise improved 
the condition of the bowel and avoided undue intraluminal pressure 
folloiving resection Equally important, however, has been an increas 
mg surgical experience with these cases and more satisfactory utilira 
tion of the long employed methods for removal of the lesion and 
anastomosis 

A review of the recent literature reveals a number of reports which 
demonstrate that primary resection has been adapted to a large num 
ber of patients with caremoma of the colon with a high operability 
rate being maintained Likewise, morbidity and mortahty figures have 
been shown to be satisfactory It is quite possible however, in some 
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of the senes reported that the modified Mikuhcz procedure has been 
apphed to less favorable cases, particularly those with moderate de- 
grees of obstruction or perforation when it was felt that a pnmary 
resection was not advisable ^Vhlpple reported 51 primary resections 
m 1943, with a mortality of 11 8 per cent He utilized a Miller-Abbott 
tube as a means of decompression during the immediate postopera- 
tive period and feels that this is an important adjunct to pnmary 
resection Jones reported 45 cases, with a- 13 per cent mortality 
Twenty one cases were reviewed from Wangensteens clinic with but 
1 surgical fatality In a more recent report of primary resection for 
carcinoma in different sites m the colon, Clute reported 8 resections 
of the right colon with 1 death 

For a number of years the procedure of choice at the Lahey Clinic 
has been a modified Milcuhcz type of resection for all lesions of the 
colon This operation has been proven m our hands to be adaptable 
to both favorable and unfavorable lesions, and has been employed in 
over 450 patients with a mortality of approximately 11 per cent We 
are frequently asked whether we utilize a one stage primary resection 
for carcinoma of the colon During 1945, 84 patients with cancer of 
the colon were operated upon and 77 resections of the colon were 
earned out Sixty two of these patients were operated upon by a two 
stage modified hlikuhcz procedure Two patients had an initial anas 
lomosis for the relief of obstruction, followed by a second stage re 
section Thirteen patients had pnmary resection of the nght colon 
These did not include a considerable number of patients with regional 
ententis, all of whom had resection of the ileum and nght colon by 
the modified Mikulicz plan Of the 77 resections during 1945, 30 
patients had the lesions in the cecum, ascending colon, hepatic flexure 
or nght half of the transverse colon, so that 39 per cent of patients 
with lesions in this portion of the colon had pnmary resection 
These patients were all prepared in an identical manner None of 
the sulfonamide drugs was utilized preoperatively and none of the 
patients avidi primary resections had parenteral or oral sulfonamides 
postoperatively Intragastric conhnuous suction, as suggested by Sin 
gleton, and occasional postoperative intubation by means of the Miller- 
Abbott tube, as suggested by Whipple, were used m some cases Pn 
mary reseebon was not done for perforated lesions or if obstruebon 
was present Each patient received a saline purge of magnesium sul- 
fate m a single dose bvo or three days before operabon, followed by 
colonic imgabon bidaily, and a low residue diet was given for this 
short preoperabve period 

This senes of primary reseebons is too small to present in a stabs- 
tical manner The ages vaned from 40 to 75 years There were 8 
males and 5 females Only hvo pabents gave a history of melena The 
most striking symptom was abdominal pain which was present in 10 
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patients Six patients had lost a large amount of weight and one had 
a severe secondary anemia Ei^t patients had a palpable mass in the 
right side Three of the resections were done without hope of cure 
2 patients having liver metastases and 1 patient invasion of the 
duodenum 

All patients survived operation there being no operative mortalit) 
One developed an abscess in the nght lower quadrant which was 
drained extraperitontally and 1 patient 75 years of age had a wound 
separation with secondary closure Tlie hospital stay was defimtel) 
shorter than after the modified Mikulicz resections for which two 
hospital admissions were required and /or tlie primary resections 
varied from seventeen to twenty sue days including the penod of 
preoperative preparation Early ambulation was not practiced m this 
group most of them being out of bed on the tenth to twelfth day 

During 1945 we have continued to employ the modified Mikulicz 
type of operation for carcinoma of the left half of the transv erse colon, 
splenic flexure descending colon and upper sigmoid Similarly we 
have ublized the same operation in the right colon for less favorable 
lesions with obstruction since it enables immediate decompression of 
the proximal loop at the time of the resection We are continuing to 
use this procedure for most patients having regional enteritis or re 
gional cicatnzing colitis and for those with segmental ulcerative colitis 
since we feel that an intrapentoneal anastomosis for these cases car 
ries an additional risk A more frequent employment of primary resec- 
tion can no doubt be done vvath the additional aids for increased 
safety It is only fair for a proper evaluation of the two methods that 
results be reported which include the total number of cases seen and 
the number submitted to resection as well as mortality figures If the 
primary resection is done for favorable cases and the extenorizalion 
principle utilized under less favorable circumstances the mortality 
1 ates for the tw o groups cannot fairly be compared 

suanuR^ 

Diirmg 1945 84 patients with carcinoma of the colon were oper 
ated upon at the Lahey CImic Seventy seven had resections while 7 
had some palliative procedure without removal of the growth Sixty 
two patients were operated upon by (he modified Mikulicz procedure 
m two stages Two patients had a two stage resection consisting of 
preliminary anastomosis followed by resection Thirteen primary re- 
sections of the right colon were perfonned There was no operative 
mortality following primary resection 
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A DISCUSSION OF THE MODIFIED MIKULICZ OPERATIO^ 

FOR CARCINOMA OF THE COLON AND ITS TECHNIC 

Frank H Lahet 

There probably has been no commonly used operation about which 
more misstatements have been made and more misunderstandings 
have occurred than the opaation which we have emplojed and ha\e 
termed the modified Mikuhcz operation It has been variously de 
scribed by others as the exclusion operation and the Paul operabon, 
but we have adhered to the term Miloilicz because of the fact that it 
was Mikuhcz who first described the double barreled tube by which 
exteriorization was accomplished and secondary closure and anasto 
mosis performed 

The ongmal Mikuhcz operation if apphed today would be open 
to many criticisms which would at once be evident In the original 
Mikuhcz operabon the tumor was left m place, the two loops of 
bowel sutured together implanted in the wound This resulted in 
several very undesirable features There was frequent implantation 
of the carcinoma m the wound, there was always an inadequate re 
moval of bowel tube and adjacent mesenteric roots, and there were 
frequent situaUons, I am sure, in which adequate mobihzataon was 
not possible so that the tumor could be brought well outside the 
abdominal wall 

Radicalness of the Modified Mikuhcz Procedure —Based upon 
the lack of experience and understandmg of the radical procedure 
which I first >vrote^ about m 1932, one frequently hears tlie statement 
that %vith the Mikuhcz operabon an adequate amount of bowel and 
mesentery cannot be removed, that so much bowel must be preserved 
to brmg the loops together that it mterferes with the radicalness of 
the procedure 

All of these concepbons and cnbcisms of the modified Mikulicz 
procedure as we have practiced it are imtrue In fact, it is quite the 
reverse In most of the Mikuhcz procedures which we have employed 
the extent of removal of bowel and mesentery is greater than fre- 
quently IS the case with the excisions which go with pnmary anas 
tomosis For example, m a carcmoma of the hepabc flexure we have 
never considered any resection by the modified Mikulicz plan ade- 
quately radical unless it included all of the ascending colon and all 
of the transverse colon together with all of its adjacent mesenterj 
down to its very mesentenc roots at the ongin of the mesenteric ves 
sels and well over to where the transverse colon becomes the splenic 
flexure (Figs 273 and 274) By placmg the ileum beside the remain 
610 
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ing portion of the colon, any amount of colon can he removed and a 
satisfactory Mikulicz established by removing any or all of the colon 
from the head of tlie cecum down to the lo^vest portion of tlie sigmoid 
(Fig 275) 

We ba\e ne\er had any arguments with the advocates of removal 
of the lesion and immediate anastomosis, end to end, side to end, or 
side to side In our opinion all discussions as to whether or not one 
emplo>s primary anastomosis or tlie modified Mikiihcz procedure as 
Me ha\e described it are not concerned with the radicalness but 
merel> with the matter of how the anastomosis is done, eitlier by the 
primary or by the decayed two stage exclusion plan 

We do not Wish to argue wtli an>one against primary anastomosis 
No one method eitlier the Mikulicz or primary anastomosis, is the 
best for cier^one and for everj case There will he man) \anable 
features in each case as relates to the lesion, the complications tlie 
extent, the degree of operabilit), tlie patients condition and man> 
other factors We can only say that walh a mortahty now of 2 7 per 
cent m resections of the colon associated with an operability rate of 
S3 per cent, we haxc a feeling of safel> and comfort with tins type 
of resection A great deal of this may undoubtedly be due to our 
famiharit) with it, to our experience in making the Mikulicz and our 
evpenence with its management We have employed this procedure 
with equal satisfacbon in cases of ulcerative colitis, segmental in char 
acter, regional ileitis in which we have al\va)s resected the ascending 
colon in addition to the terminal ileum to the cases of polyposis and 
to the cases of carcinoma of the colon 
Advantages —Some of the reasons for our liking and continuing to 
emploj this operative procedure are as follows With the two limbs 
approximated and the ends extenorized we have a very comfortable 
feehng of safet) about this procedure We feel additionally safe be 
cause of the fact that vve can immediately introduce a decompressing 
tube into the proximal end of the Mikulicz ileum if it be ileum colon 
or the proximal colon if it be colon to colon, with the opportunity to 
irrigate and decompress immedialel) We have found the ability to 
endoscope the remaining loops of bowel for the possibility of adjacent 
pol>ps of additional value m these cases and we must admit that 
domg these cases m the numbers which w e do we hav e in the past 
vears overlooked such adjacent polyps that by this procedure can he 
removed b) fulguration 

We would not have anyone believe that vve are stubbornly wedded 
to this procedure and have, when there have been metastases in the 
liver and a palliative resection done, employed ileocolostomy at the 
time of the resection lather than a Mikuhcz procedure 

We have never emplo)ed a Mikulicz procedure when a palhative 
resection has been done because we beheve that the patient should 
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then be provided with every day of comfort possible m tlie limited 
number of months or weeks available to him For that reason, in this 
type of palhati\ e operation we have always employed anastomosis of 
the ileum to that portion of the colon beyond its resected segment 

In many patients who are thin, whose colons are not bedecked by 
heavy fat tabs and their epiploic appendages, end to end anastomosis 
of the colon can be done particularly after proper colon preparation 
with a high degree of safety We believe however, that there are 
many patients with fat mesenteries, with fatl> epiploic appendages 
and many more with associated diverticula running up and down the 
colon in whom accurate anastomoses are difficult, if not impossible, in 
terms of a high degree of safety Tlie Mikulicz operation has appealed 
to us because it is applicable to my type of colon no matter how 
fat the patient or how numerous the fatty epiploic appenchges or 
how fat filled the mesentery is or how inflamed the colon is We have 
preferred an operative procedure which m our hands has been ap 
phcable to every patient with equal safety to one which is applicable 
to some with greater safety than to others 

Rules for the Modified Mikulicz Procedure.— There are a few 
sound rules regarding the Mikulicz procedure about which I would 
like to write From our experience, we advise that all Mikulicz proce 
dures be done through eiUier a right or left rectus incision Tins per 
mits up and dowm exposure and allows good implantation of the ends 
of the extenonzed two loops of bowel between muscle bundles and 
it permits adequate approach to either colon from these longitudinal 
incisions From a right rectus incision, the left colon may be ade 
quately and safely mobilized, from a left rectus incision the right 
colon may be adequately mobilized 

There are two types of incisions through winch Mikulicz proce 
dures should not be done One is the McBurney intramuscular inci 
Sion limiting the extent of exposure and not permitting as good im 
plantation of the exteriorized bowel ends as will the right or left 
lectus incision Second, the Mikulicz procedure should not be done 
through the midlme particularly in the epigastrium There will alwa)S 
be a tendency to do Mikulicz resection if the method is employed for 
lesions m the midtransverse colon Due to the fact that the transver 
sahj mujcJej ten^ to puU the abJommal waW apart in the rmdhne, the 
implantation of the two extenonzed loops of colon in the midline will 
very frequently result in hemn A Mikulicz implanted here is also 
very likely to be followed by a hernia when the second stage turn m 
of the ends is accomplished 

WTien there has been a previous operation on the nght colon as 
for an abscess about an inflamed carcinoma the resection can be 
done througli the right rectus incision but will frequently include the 
ascending colon, hepatic flexure and lint portion of the transverse 
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colon next to the splenic flexure In such ^n instance it is much better 
after approximating the ileum to Uie distal transverse colon to implant 
both ends through a counter incision high in the left rectus on the 
opposite side so that it nail be m a clean undramed wound 



F>g 273 —In this illustration the carcinoma of the nght colon is not shown 
The enbre descending colon cecum and ileum h3\e been mobibzed to the left 
the hepaUc flexure has been freed and turned doxvn the ureter is visualized as it 
runs into the kidney peh is and the kidney is sho \’n as a shadow where the 
ureter disappears beneath its loxxer edge TI e retropentoneal duodenum is sho\vn 
at the upper angle of tl e uound ready to be mobilized from the root of the 
mesentery so that a xvide d ssection of mesentenc root can be made 


WTien there has been a previous operation or two previous opera 
tions for example on the ri^l side with indurated scars over the right 
colon It IS frequently wise although the original scars may have 
been excised to implant the li\o ends to be exteriorized (the trans 
verse colon and approximated terminal ileum) through a counter 
incision high m the left rectus If one does not do this it is often im 
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possible or unsatisfactory to dose the scarred abdominal wall and 
rectus adequately about the two exteriorized ends (colon and ileum) 

When there has been an abscess cavity it is frequently possible as 
I have described and illustrated m an article published in 1939 to 
dram the abscess cut off the transverse colon and ileum between 
clamps leave tlie root of the mesentery of the affected portion of the 
colon mtact and attached to the colon suture the “V root defect to 
gether do the Mikulicz transplant it to the opposite side of the abdo 
men and then in the segregated nght section of the abdomen 
remove the infected colon padc the abscess cavity and suture the 
wound about a drain This accomplishes the implantation of the 
Mikulicz ends m a clean portion of the abdomen and permits packing 
the introduction of sulfanilamide and drainage through the ongmal 
nght rectus mcision 

Application of the Method at OifTcrent Levels — Tlie plan of 
modified Mikulicz resections which we have advocated has been pub- 
lished seaetal tunes U is m Surgical Practice of the Lahey CUnic” 
and in numerous journals Us success and the radicalness for that 
matter of any operation on the colon for removal of a malignant lesion 
depends largely upon how freely the colon is mobilized— the segments 
of boMel proximal and distal to the lesion bow freely the mesentery 
adjacent to the malignant lesion is mobilized and then removed 

For purposes of completeness I would like to discuss the method 
employed for lesions at different levels In lesions of the right colon 
the cecum ascending colon or hcfniUc fiexure the nght rectus incision 
IS employed the colon is mobilized by splitting its lateral parietal 
peritoneal attachments until it is completely free and hangs by its 
roots in the midhne It is freed doivn to the inferior vena cava and 
aorta The mesentery of the ileum as it swings over the rim of the 
pelvis IS mobilized and the ureter is demonstrated as it passes behind 
it Tlie ureter is followed carefully up to the point where it passes 
behind the retiocohc duodenum to enter the pelvis of the kidney 
The peiirenal fat enclosed m its renal fascia is carefully wiped down 
to the root of the mesentery of the nght colon as is the rctrocolic 
duodenum (Fig 273) 

In resections of the right colon very frequently I have seen with 
the removal by one stage procedure incomplete mobilization of the 
retroperitoneal duodenum which is necessary to obtain the most rad 
ical removal of the mesentery of this section of the colon 

If there is a carcinoma of the hepatic flexure it is not m our opinion 
adequate to resect tliat portion of the colon without completely mo 
bilizing the retrocohe duodenum so that it is freed completely do'vn 
to the place where it passes beneath the mesenteric root to become 
the jejunum and thus make possible removal of the large gland 
bearing area of mesentery 
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It has always been our custom when there is a carcinoma of the 
cecum, ascending colon or hepatic flexure to remove all of ^se 
structures and the transverse colon well past the middle line (Fig. 
274), to approximate the terminal ileum to the left transverse colon 
by the Mikulicz plan after removal of the mesenteric root of all of 
this structure, that is, the mesentery of the terminal ileum, ascending 
colon, hepatic flexure and transverse colon up to the point where the 
approximation of the ileum to the transverse colon is to be made In 



Fig. 274 —The hepatic flewte has been completely mobilized and the trans- 
verse colon m the direction oi the splenic flexure is being separated from the 
stomach so that in a carcinoma of the ascending colon or hepatic flexure or of the 
right transverse colon, the ascending colon, hepatic flexure and transverse colon 
can be removed and the ileum placed beside the transv erse colon. 

order to approximate the terminal ileum to this portion of the colon 
it is often necessary to mobilize tlie splenic flexure in order that 
enough of tlie transverse colon can be pulled out of the wound so 
that an adequate and long Mikuhez approximation of the ileum to 
the transverse colon can be made, a point which I am sure often is 
not recognized or successfully employed to make these resecUons 
radical. 

The mesenteric roots of the two loops of terminal ileum and colon 



616 


FRANK II LAIIE\ 


are carefully approximated, great care being taken to leave no aper 
hires through which internal hernia can occur 
So wide and extensive is this removal that it is frequently impos 
sible to penlonealize the space left in the right side by the removal 
of this colon It is particular!) impossible to peritonealize the n^t 
gutter region in the upper portion in the region of the hepatic flexure 
and when there is the slightest diiEcuIty, in these cases no attempt is 
made to do so 



tig 275— This illustrates one of the recent cases wth an ettensive lesion m 
«hich total colectomy «as done in order to accomplish radical reniosal of nodes 
Note tbit tile Mikulicz procedure lends itself uhen one wishes to employ it m 
total colectomy The dotted lines represent the mesenteric roots to be approu 
mated 

la c ircinomas of the spletuc ^rttre \t is readily possible to do 
resections b) so mobilizing the splenic flexure and the hepabc flexure 
that that portion of the transv erse colon vvhich is to the right of the 
midhne cm be brought over against the descending colon to estab 
lish a Miloihcz, permitting wide removal of bowel tube together will) 
1 wade area of mesenteric root 

As we have previously menhoned it is important in removing a 
lesion at this level never to excise a of mesenteric root down to 
the point where the jejunum becomes retroperitoneal It is here that 
the pirietil peritoneum is debcate, will not hold stitches, and if ap 
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proximated, can on coughing, straining or vomiting, later rupture and 
produce an aperture through which can occur an internal hemm 
Lth strangulation. It is in these cases that an apron 
should be left adjacent to the jejunum to avoid the possibility of this 

^h’cSctaoinas of the transverse colon, resections are made xvith re- 
gard to the point where the carcinoma is as relates to the mid- 
transverse colon. When the carcinoma is closer to the hepatic flexure. 



Fig 276.— This IS the approMmalion of the ileum to the sigmoid m the case 
shorn! m Figure 275, and demonstrates two things, (1} the method of laying the 
ileum beside the large bowel in tlic modified Mikulicz, and (2) the tube of 
ileum IS longer than the tube of colon or sigmoid, devascularized with no blood 
supply so that a tube or catheter can be mserted in it immediately after it is 
implanted m the wound 

the resection is done through a right rectus incision When it is close 
to the splenic fle’ture it is done through the left rectus incision (Fig 
277, a). When it is in the midline, it is done through a left rectus 
incision in order to remove the ascending colon and hepatic flexure 
and to mobilize the splenic flexure and to approximate the terminal 
ileum to a high segment of the descending colon. 

Resections of the descending colon by the Mikulicz procedure are 
again made radical by mohilizabon of the splenic flexure and mobili- 
zation of the sigmoid loop (Fig 277, c). This pro\ides such an ade- 
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Fjg 211 — Ihss shows the it)eih(/d of lesectiog the sj^inc Seniie Note JJie 
dotted line showing that tlie mesentery is not taken out as a V in this region 
because of the delicacy of the panetal penloneum in the jejunal fossa Note that 
this leaves a circular apron of undisturbed mesenteric root which is so thin that 
It possesses very few nodes and in addition protects the mesenteric root againit 
later rupture and possible internal hernia 

B, The method of resecting lesions of the descending colon by the Mikuli^ 
plan whereby the splenic flexure is mobilized and lowered m order to provide 
radical removal and two good loops for the Kfikulicz double barreled enterostomy 
In this illustration unlike the mcsentenc removal in fl a "V' of mesentery 
IS taken out down to the root of the mesentery Note also that again the proxunal 
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quate tube of relaxed bowel above and below the lesion that long 
loops of colon adjacent to the lesion can be removed, together with 
wide areas of mesenteric root m order to get out the largest possible 
number of adjacent lymph nodes 

Resections of the sigmoid by tlie Mikulicz procedure, when the 
lesion IS m the midsigmoid, are tlie simplest of all modified Mikuhcz 
removals Because of the fact that the sigmoid is frequently lax, can 
readily be mobilized, and has a good blood supply, this segment of 
bowel lends itself well to the application of the modified Mikuhcz 
operation (Fig 277, c) 

\Vhen the lesion is m the lower loop of Uie sigmoid where an made 
quate amount of bowel tube remains below for the application of the 
modified Mikuhcz procedure, it is our opinion that m such cases, the 
abdommosacral type of operation is to be pieferxed rather than any 
type of resection witli pehic anastomosis 

General Aims and Rules.—In resections of the colon for carcinoma 
we are anxious to accomplish three things (1) a wide removal of 
bowel proximal and distal to the lesion, (2) the removal of the 
greatest number of adjacent lymph nodes m the mesentery of that 
section of the bowel involved, and (3) the removal of file greatest 
number of vessels adjacent to the involved section of bowel above and 
below 

We have never felt any responsibility to sacrifice radicalness of file 
removal of the lesion m terms of endeavoring to preserve the anal 
sphincter In recently discussing pelvis anastomoses after resections 
of lesions of the colon I said that 1 firmly believe that aggressiveness 
of approach and radicalness of removal by far take precedence over 
any sentiment concerning the preservation of the sphincter 

Colostomy is today such a different operation thin it was in years 
gone by and its management so much more satisfactory that I feel 
very strongly that decisions are being made today against such radical 
operations that are based upon unsound advice and conclusions as to 
whit colostomy is as concerns the patient's ability to be active, to 
work, to pliy and to enjoy life Too few people and doctors are aware 
that the colostomy of today and its management after the lesion has 
been remmed are most satisfactory and quite different than the colos 
lomy and its management of years gone by 
There are just a few other general rules regarding the Mikulicz pro 
cedure We have no interest in a Mikuhcz so done that after the spur 


loop of the colon of the Mikulicr anastomosis is longer than the distal one when 
It IS implMted into the wound to allow for the introduction of a tube 
il, , sho^^s the ease with which MiVuhcz resecUon and approximaUon of 

^ ® patient With a redundant sigmoid 

‘"ustrates again the advantage when the sigmoid is short of mobil 
rang the splenic flexure to obtain a longer proximal loop 
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IS cut down they will close themselves We pull good segments of 
bowel tube well outside the abdonunal wall so that there will be 
plenty of tube to free and to turn in by three row s of sutures With 
a good tube of bowel well implanted outside the abdominal wall in 
occasional patients in whom with any operation wound infections will 
occur there will be sufficient walling o5 and ability to control the 
discharge so that a fatality will not result If the end is implanted 
deep in the wound and infection occurs there can be retraction of 
the two ends into the abdominal cavity with resulting peritonitis and 
a fatality 

We have been very careful in closing abdominal wills about im 
planted MiVulicz operations never to pass a stitch through the colon 
wall We have depended solely upon implantation to hold the two 
loops of boivel within the abdominal wall It is a delicate balance be 
tween malang the closure about the implanted bowel too ti^t and 
yet not so loose that a loop of small intestine will come out 

Second Stage Closure —The second stage closure of the Mikulicz 
operation has in our hands been 100 per cent successful as concerns 
persistent fistulas There are in existence as far as I know, no second 
stage Mikulicz procedures which are not permanently closed avith 
dry wounds and no discharge 

We have delayed in all of our cases for two months before closing 
the enterostomy of tlic second stage Mikulicz In our early experience 
we tried closing these enterostomies at an earlier date but found the 
wound indurated often with small pockets of creamy material the 
peritoneum not firmly attached to the loops of bowel the wound still 
indurated and a situation which was not entirely satisfactory 

We haxe arbitrarily set a minimum time of two months to elapse 
before a second stage Mikulicz closure of the enterostomy is at 
tempted There are )ust a few principles involved in this procedure 
which go to make it a success The implanted tube of bowel in the 
abdominal wall must be completely mobilized do^vn to its attach 
ment either to the fascia m fat people or to the peritoneum m thin 
ones or moderately fat patients Every tab of fatty mesentery and 
epiploic appendage must be carefully removed The adherent and 
indurated circle of skin into which the Mikulicz has been implanted 
together avith the reduplicated fold at the terminal ends of the im 
planted loops of bowel must be carefully freed and cut away ^Vhen 
this operation is properly done the common tube of two loops of 
colon or ileum and colon are completely soft and so freed that their 
ends can be accurately inverted witli an in out and over catgut stitch 
which can be reinforced avith another mattress catgut stitdi which 
buries it it can be reduced into the abdomen two small sections of 
Penrose dram placed beneath the fascia and the muscle and fascu 
closed about the wound (Fig 278) 
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Center, Tins illustrates the careful preparation of all epiploic appendages, fat 
tabs, mesentery and the adherent and scarred skm as it is attached about the edge of 
the colostomy It will be found, when the shin is carefully detached from the 
puckered bowel which is implanted in it, that at least an extra inch of bowel 
tube will be obtained 

Bottom, This diagrammatically illustrates the tube completely freed and being 
inxerted with beginning catgut stitches. It will be completely inverted by three 
rows unbl it is reduced within the abdomen, and the muscle, fascia and skin, 
with a rubber dam in each end, closed over it. 

We have learned that when patients have been sent home after 
their first stage Mikulicz procedure, with the spur well cut do^vn 
and returned for the second stage closure, if the finger is put in the 
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wound the spur will not infrequently be found to have risen con 
siderably due to the organization of the scar where the Ochsner clamp 
was applied to the spur \\ e have made it a principle nev er to close 
second stage Mikulicz operations until we were sure that the spur 
between the two sections was adequately se\ ered and when it is not 
before closing we have applied another Ochsner clamp for three or 
four days until the spur was adequately severed and then turned 
m the exteriorized end of bowel 

In spite of the fact that these wounds are often contaminated with 
feces at the time that this turn m is done due I am sure to the 
secondary local immunity which they have acquired there has never 
been serious wound infection They will occasionally following the 
removal of the two rubber dam drams placed at the upper and 
lower ends of the wound discharge for a short period of time but 
they have all ultimatelj healed and a ^eat majority heal by first 
intention 

CO^CLUSIO^S 

The modified Mikulicz operation which we have practiced and de 
scribed is as radical if not more so than most primary resections 
with anastomosis 

It presents no limitations as to the extent of colon or mesentery 
which can be removed witli its emplo)Tnent 

It IS applicable to any segment of the colon down to the lower 
sigmoid 

It permits immediate decompression of the bowel as soon as the 
operation is completed 

With It our operabihtj rate is 83 per cent and mortality is 27 per 
cent 

It IS unjustifiable in palliative resections when patients have tbe 
lesion remov ed in the presence of a limited number of metastases in 
the liver because it complicates and makes less satisfactory the 
limited period of time aiailabte to the pitient 

Some of the steps necessary for its successful accomplishment are 
discussed 

Its limitations in the low sigmoid are also discussed 

Some of the steps necessary for the successful management of sec 
ond stage closure are discussed as well as the time period which ive 
have found most satisfactory to wait between the first and second 
stages of tins operation 
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an unusual COaiPLICATION OF THE MIKULICZ 
TYPE OF RESECTION 

Richard B Cattell and Mara L \^^ELCH 


The complications Nvhich may follow Mikulicz resection for both in- 
flammatory and malignant disease of the colon have been reported 
previously^ We wish to report a case in which a large abdominal 
tumor, simulating recurrent malignancy, developed m a patient who 
previously had undergone a MiVailicz resection for carcmoma of the 
sigmoid This tumor was discovered at a routine check up examina- 
tion in an asymptomatic patient, fifteen months after operation This 
unusual complication has occurred only twice m over 450 modified 
Mikulicz resections performed in this Clinic smce 1930 It is impor- 
tant to understand the principles of Uic technic of the modified Mik- 
ulicz operation which have been reported elsewhere® * to under- 
stand the occurrence of this complication 


REPORT OF CASE 

A white male school teacher, aged 48 years \%as first seen m the Chmc in 
May 1940 because of rectal bleeding of six months’ duration. Except Cor mild 
attacks of indigestion follouing the eating of certam foods, Ins general health 
had been good fie had passed bright red blood on several occasions following 
a bowel moscment These attacks were painless and not associated with con 
stipation or diarrhea 

Physical examination failed to te\eal any abnormality Sigmoidoscopic examina 
tion was normal except for two small Weeing internal hemorrhoids A complete 
gastiointestmal study, including a banum enema, was negative A diagnosis was 
made of bleeding mtemal hemorrhoids and he was treated with injections of a 
sclerosing solution at weekly mtervab for four weeks, with relief of symptoms 

On April 15 1944, four years after the patient s first visit to the Cbnic, he was 
readmitted complaining of rectal bleeding ol fliree months' duration He had 
passed both dark and bright red blood and had noticed some difficulty jn having 
his usual daily bowel movement During the past few mon^s he had lost 20 pounds 
m Weight 

Exammation resealed that the pabenl was well deseloped and well nourished 
weighing 170 pounds He was not acutely ill Temperature, puke, respiraUon and 
blood pressure were normal Phy’sical exarranahon was negaUve except for very 
slight tenderness in the left losser quadrant of the abdomen No mass could be 
palpated Digital examination svas normal 


exai 

incl 


was uegaiivt nueiitgenograms of the colon following a banum enema disclosed 
a partially obstructing lesion m the descending colon which the roentcenolomst 
diagnosed a new growth ^ ^ 

Tlic patient was admitted to the New England Baptist Hospital and, after 
the usual preoperaUse preparabon, was operated on May 23, 1944 Under ponto 
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came-dextrose spinal anesthesia the abdomen was opened tlirough a left rectus 
muscle-spLtting incision The liver, stomach, pancreas and small bowel were found 
to be normal A bard, annular, otoructmg tumor, about 3 mches in length, was 
found encirchng the upper sigmoid colon A few palpable nodes were present in 
the mesosigmoid A modified Mikulicz resection was done, remosing the lesion and 
a portion of the descending and sigmoid colon, including a generous V-shaped 
segment of the mesentery 

Convalescence was uneventful The colostomy spur was divided by crushing 
clamps, beginning on the fifth postoperab^e day The patient was discharged on 
the sixteenth day after operation to return m six weeks for closure of the colostomy 

Tlie microscopic diagnosis was adenocarcinoma of the sigmoid The lymph 
nodes were negative 

The patient returned to the Clinic at intervals of three months for a routine 
check-up examination At each visit he had no complaints, was gaming weight 
and ‘felt fine” 


Fig 279— a. Barium filled colon and Mikuhcz cap fifteen months following 
resection for carcinoma of the sigmoid b. After evacuation of banum, demon- 
strating a banum covered intraluminal mass which at operation proved to be a 
fecal impaction 

On November 24, 1945, fifteen montlis after operation tlie patient reported 
for examination Again he iiad no complaints Inspection of the abdomen dis 
closed a sLght bulge in the central portion of the scar On deep palpation of the 
abdomen a mass, about 8 cm m diameter could be outlined in tlie region of the 
scar It was firm, not tender and seemed to be attached to the posterior abdominal 
wall Because of a very thick abdommal wall the paUent was not aware of its 
presence Laboratory studies of the blood and unne were negative The mass 

IJ _ , T. J J 1- , . , * 

a was 

' lervvise 

was iiuiiiiai trig -it)) A uugnosis was made of fecal Impaction m tne cap of 
the Mikuhcz colostomy We could not be sore, however, that this was not assoa- 
ated vwth early recurrent mahgnaol disuse, therefore, operation was advised 

On December 27, 1945 imder pontocame dextrose spinal anesthesia, the old 
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Operative incision was explored The scar was excised and the- rcc^s sheath and 
muscle were dissected free exposing the hhhuhez cap Alter further freeing 
the cap which was quite redundant it was entered through a longitudinal incision 
It was filled with a mass of inspissated feces about 14 cm m diameter There 
was no e\idence of recurrent malignancy After the mass was delivered through 
the opening the redundant portion of the cap was excised Tlie bow el was closed 
transversely with an invertmg Connell suture which was returned to its starting 
point as a running Lembert stitch The peritoneal cavity was not entered A small 
soft rubber dram was inserted to tlie bowel and the abdomen closed in layers m 
the usual manner 

Convalescence was uneventful the dram was removed on Uie fifth and the 
sutures were removed on the seventh postoperative days Tlie wound healed 
by pnmary intention and the patient was discharged nine days after operation 
He has remained well without recurrence of the mass (Fig 280) 



Fig 280 —a Banum filled colon three months following removal of fecal impac 
tion from hlikuhcz cap b After evacuation of banum 


COMMENT 

The diagnosis of any abdominal tumor particularly following opera 
tion, may be difficult In this case the pabent was asymptomatic and 
gaming weight which is of importince in distinguishing this lesion 
from recurrent malignancy at the site of resection Patients who have 
large segments of the bowel removed usually have frequent stools 
for a time and it is not uncommon for them to have two stools a day 
for the remainder of their hfe Any alteration in the character or 
number of daily stools after this new routine has been established 
should be loohed upon with suspicion In early recurrent malignant 
disease at the site of resection the patient will complain of mild ob- 
striichve symptoms Although a mass or indurated area may or may 
not be palpable these patients usually complain of constipation 
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abdominal cramps and mild distention Diarrhea xs the e'cception but 
may be present Later melena and weight loss may occur 
In contrast to this case a white man aged 73 years underwent a 
modified Mikulicz resection in August 1942 for carcinoma of the 
splenic flevure The microscopic diagnosis was adenocarcinoma Eight 
lymph nodes were reported to be negative He returned m November 
1945 three years and two months following resection complammg 
of constipation and occasional abdominal cramps A mass was pal 
pable in the right upper quadrant of the abdomen A roentgenogram 
after a barium enema ( Fig 281 ) revealed a partially obstructing lesion 
in the proximal transverse colon At laparotomy txvo lesions were 
found an ulcerating tumor in the transverse colon ^ust proximal to 



Fig 281— a Colon three years and two months following M kuLcz resection 
for carcinoma of the splenic Sexure b Partially obstructing lesion in the prod 
mal transverse colon At laparotomy two lesions were found one m the ascending 
colon and one in the transvene colon 

the site of the previous resection and a polypoid tumor in the ascend 
mg colon The hver and other viscera were grossly normal Colectomy 
and a primary end to end anastomosis of the termmil ileum to the 
sigmoid were done using the Fumiss clamp 
It is difficult to distinguish between recurrence at the site of resec- 
tion and a fecal impaction by roentgenologic examination (Figs 279 
and 281 ) Even though one may be relatively certain of the diagnosis 
of fecal impaction exploratory laparotomy should be carried out as 
it IS impossible to be sure that the mass is not associated with early 
recurrence 

Tins complication may be prevented by the removal of the re 
dundant and excess portion of bowel at the time of closure of the 
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colostomy One is likely to err on the side of leiving 'll! 'imple 'imount 
rather than risk encroaching on the lumen at that point If there is 
sufiBcient encioachment of the lumen to result in obstruction, a fecal 
fistula may result 

In constructing the Mikulicz colostomy, two loops of bowel are ap 
proximated by two rows of interrupted seromuscular sutures inserted 
m the longitudinal bands of the colon This forms a double barreled 
colostomy which should be at least 5 to 6 inches m length Tlie colos 
tomy spur is divided deep which we think is important in preventing 
reopening of the colostomy following its closure After closure of the 
colostomy the resulting cap has a wider diameter as visualized m the 
roentgenogram (Figs 279 and 281) 

Early or late recurrence following the modified MikuUcz type of 
resection has occurred m 45 per cent of our patients who have sur 
vived resection This includes those m whom a palliative resection was 
done Of those followed from five to ten years 55 per cent had no 
recurrence during the period of observation " The possibility of con 
tact recurrence has been eliminated entirely by removal of the lesion 
at the first stage 

SUMMAn\ 

An unusual complication of the Mikulicz resection is reported The 
diagnosis is discussed briefly A case is reported to illustrate the extra 
peritoneal management of this complication of the modified Mikulicz 
resection 

RCFERFNCES 

1 Cattell R B Complications after the Mikulicz type of resection S Clin North 

America 24 509-514 (June) 1944 

2 Cattell R B and Sugarbaker E D Recent advances in the surgical treatment 

of carcinomi of tl e colon and rectum Surgery 11 644-652 (Apr ) 1942 

3 Lahey F H Carcinoma of the colon S CuN North America 11 233-244 

(Apr ) 1931 

4 Lahey F H and Calcock B P A modified MiJoihcz resection for cancer of 

the colon S Cun North America 22 773 782 (June) 1942 



ANURIA AND UREMIA FOLLOWING SURGERA 
OF THE RIGHT COLON (ILEOSTOAIY) 

Eiaier C Bartels 

Operation on the right colon which necessitates an ileostomy may 
lead to a disturbance m salt and water balance o£ the body which if 
not prevented may lead to senous consequences The average im 
complicated surgical patient who receives a total fluid intake of 3000 
to 3500 cc of which 1000 cc is normal sahne solution will have a nnne 
output of 1000 to 1500 cc Sudi an intake of fluid and salt permits a 
normal fluid balance Since the fluid and sodium chloride loss from 
an ileostomy might be large tins loss must be taken into account when 
the patients daily fluid and sodium chloride ration is determined 
Each patient must receive a cireful day by day evaluation of the total 
body output of fluid and sodium chlorides when calculating the daily 
requirement If this is done there is no need for difficulty ensumg 
To allow water and sodium chloride negativity to continue wll lead 
to a lowering of the blood sodium chlorides, decrease in unne output 
and then to elevation of the blood nonprotem nitrogen This may 
proceed to a state of complete anuria and finally to circulatory col 
lapse and death Fortunately this condition of eatrarenal azotemia is 
amenable to therapy unless too far advanced, permitting a return of 
the blood factors and renal function to normal Therapy consists of 
the restoration of the lost sodium chloride and a\ater, large amounts 
of each at times being necessary 

REPORT OF CASr 

A woman of 53 years coniplaioed ol lower abdominal pain of one year s duia 
U n The pain which at fint was mild soon became rather sharp interrmltent m 
type and finally constant being 1 mrted to the right lower quadrant There was a 
loss of 19 pounds m weight dunng the previous six months 

On exxminatjon of the abdomen a qucstiooaWe mass was found in the nght 
lower quadrant Fluoroscopy of the colon demonstrated an irregularity of the cecum 
which was interpreted as a cardnojna Tlie blood studies revealed a moderate 
anemia the hertioglobm was 99 gm and tlie red blood cell count 3 880 000 A 
diagnosis was made of carcinoma of the cecum 

At operation tl e diagnosis of cecal mal gnancy was confirmed so a first swge 
Mikuhc? resection of the terminal ileum cecum ascending colon and proumal third 
of the transvene colon was earned out A glass tube was inserted and sutured into 
the ileum for continuous decompression 

The patients postoperative course appeared quite uneventful until the nwtn 
day when vomiting began necessitating gaslnc drainage The next day anuna 
developed and then circulatory coDapse followed At tlis point specific therapy 
was mstituted with complete recovery An analysis of the fluid and salt balance 
dunng the postoperative penod revealed ibe factors which led to this patients 
cntical state 
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anuria and uremia FOLLO^^'lNC ILEOSTOMY 

For convenience, the postoperative period can be divided into three 
parts (Fig 282, a, b and c). Part a consists of six days, h of tliree days 
and.c of five days. Since accurate figures for the first postoperative 
day were not available, it is not included in part o. In part o, cover* 
ing six days, the total urine output was 50-40 cc. and if to this is added 
the 5965 cc. fiuid loss from the ileostomy, the known measurabfe out- 
put was 11,005 cc. If to this is added an estimated daily loss of 1500 
cc. of water in vaporization and by perspiration, the total fluid loss 
during this period 'vas 20,005 cc. Since the total fluid intake was 
17,790 cc., the body was dehydrated by 2215 cc. The sodium chloride 
loss from the ileostomy during this six day period can be approximated 
as 42 gm. since a previous study* showed about 7 gm. of sodium 



[■iiiJiiwiija.imi.Lim 

ESS 

i 




eas 

S 

1 











iS 


l‘'WWAL. 


i 




i 



Fig 282— Anuna and uremia in a patient following ileostomy. Fluid anti 
sodium chloride loss led to lowered blood chloride and elevated nonprotem nitro- 
gen Large amounts of fluid and sodium chloride restored blood chloride and 
nonprotem nitrogen to normal 


chloride to be present in each 1000 cc. of ileostomy fluid. If to this 
known sodium chloride loss of 42 gm. is added 45 gm. that was lost 
in the urine and by perspiration (7.5 gm. per day) the total loss was 
87 gm. Since only 41 5 gm. of salt was actually received intravenously, 
little being given by mouth, the body was depleted of about 40 gm. 
of sodium chloride. This depletion of sodium chloride plus the nega- 
tive fluid balance was responsible for the elevated nonprotein nitrogen 
(82 mg. per cent) and decreased sodium chloride (39S mg net cent) 
which was noted on the eighth day. These changes took place in spite 
of a seemingly adequate fluid intake of 3750 cc. and urine output of 
1500 cc. on the seventh day. 

During the first three days of part b, the urine output ffradually de- 
dined to 240 cc. the first day, 360 cc. the second day and then anuria 



ANUUU AND UREMIA FOLLOWING SURGERY 
OF THE RIGHT COLON (ILEOSTOMY) 

Eiajek C Bartels 

Operation on the tight colon which necessitates an ileostomy may 
lead to a disturbance in salt and water balance of the body which li 
not prevented may lead to senous consequences The average un 
complicated surgical patient who recenes a total fluid intabe of 3000 
to 3500 cc of which 1000 cc is normal saline solution will have a urine 
output of 1000 to 1500 cc Such an intake of fluid and salt pennils a 
normal fluid balance Since the fluid and sodium chloride loss from 
an ileostomy might be large, this loss must be taken into account when 
the patients daily fluid and sodium chloride ration is determmed 
Each patient must receive a careful day by day evaluation of the total 
body output of fluid ind sodium chlondes wlien calculating the daily 
requirement If this is done there is no need for difficulty ensuing 
To allow water and sodium chloride negativity to continue Nvfll lead 
to a lowering of the blood sodium chlorides decrease in urine output 
and then to elevation of the blood nonprotem nitrogen This may 
proceed to a state of complete anuria and finally to circulatory col 
lapse and death Fortunately, this condition of extrarenal azotemia is 
amenable to therapy , unless too far advanced permitting a return of 
the blood factors and renal function to normal Therapy consists of 
the restoration of the lost sodium chloride and water, large amounts 
of each at times being necessary 

rairoBT or gasf 

A woman of 53 years compbined of lower abdominal pain of one years dura 
li n The pain which at first was mild soon became rather sharp mtemaittent m 
type and finally constant being limited to the right lower quadrant Tliere avas a 
loss of 19 pounds m weight dunng the previous sir months 

On examination of the abdomen a questionable mass was found in the ngnt 
lower quadrant Fluoroscopy of the colon demonstrated an irregulanty of the cecum 
which was interpreted as a carcinoma Tlie blood studies revealed a moderate 
anemia the hemoglobin was 99 gm and the red blood cell count 3 880 000 A 
diagnosis was made of carcinoma of the «ci m 

At operatJon the diagnosis of cecal mahgnancy was confirmed so a first sfaw 
MiVuhcz resection of the terminal ileura cecum ascending colon and proxiinal tnird 
of the transverse colon was earned out A glass tube was inserted and sutured into 
the ileum for continuous decompression 

The patients postoperative course appeared quite uneventful until the nmth 
day when vomiting began necessitating gastric drainage The next day anum 
developed and tl en circulatory collapse followed At tins pomt specific therap)' 
was instituted with complete recosreiy ^ analysis of the fluid and salt balan« 
dunng the postoperative penod revealed the factors whicli led to this patents 
cntical state 



CHRONIC ULCERATn'E COLITIS: DIAGNOSIS 
AND SIEDICAL SIANACEJIENT 


E^'erctt D. Kiefer 

Accurate diagnosis in chronic ulcerative colitis requires a recog 
mbon of the disease in a vanety of forms and in varying degrees o5 
severity. The many different manifestations are inherent m the nature 



, mainder of the colon appears noimaL Tins paoent had few s)stemic sjmptoi 

and complained of conshpaticm and blood in the stools The diagnosis depen 
' largely upon the proctoscopic findings 

of the morbid process, its chnical course and the correspoudii 
'fy changes in anatomy and phjsiology’ of the bowel 

If Chronic ulcerative cohtis may be defined as a chronic disease 

irnknowm etiology’ m which there is a diffuse inflammatory reaction 3 
v'' 
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volvmg all coits of the colon and rectum either as a whole or m part, 
subject to remissions and exacerbations, complicated by varying de 
grees of sepsis, ulcerations and necrosis of the mucosa and resulting 
m extensive fibrosis of the entire intestinal wall 

Since the disease is a chronic one in which remissions and exacerba 
tions are characteristic, diagnosis includes the recognition of both 
actn e and mactn e forms of colitis 

V 





Fig 284 —Severe, active ukerabve colitrs Involving the entire colon and rec 
turn The colon is irritable and does not retain the banum well Both the caliber 
and the length of the bowel are reduced The haustral markings are obliterated 
by edema The irregularities and niches in the border of the bowel shadow in 
dicate gross Involvement of the mucosa with ulcerations This patient was severely 
toxic, had fever, severe diarrhea and blood and pus in the stools 

Active ulcerative colitis may present a diagnoshc problem m the 
initial attack or as a recurrence of a previous episode Since the se 
verity is so variable it may be a mild colonic or rectal disorder with 
out serious disability, or a severe fulminating disease resulting in early 
death of the patient 
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Inactive colitis may present for diagnosis chronic irreversible or- 
ganic changes in the lower bowel involving either a limited segment 
or the entire colon and rectum and at times including the terminal 
ileum Ulcerative colitis during remissions of activity may be prac- 
tically symptomless while m other cases the organic damage suSered 
by the colon and rectum is so marked and the function of tlie bowel so 
altered that chronic invalidism results All degrees of variation be- 
tween these extremes are found 



Fig 285 -Chrome, severe, inactive ulcerative rohtis involving the entire colon 
and rectum which ate contracted both in length and caliber tL haortmt mTu 
mgs are obhterated by edema and fibrosis The ontlinn of the ho marfi- 

indicating fibrosis and atrophy of the mucosa Tile ileocpnl wl ^ smooth, 

mitting free flow mtn the ter^iinld .lenT Pfl 

- ^sroTrS 

SYMITOMATOIOC^ 

-ntere n,.aj. be more or less (ertesmus and dtarrhea but otten dte sSs 
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ire normal In many cases there are little or no systemic effects, the 
patient is not incapacitated and if adequate diagnostic studies are 
not emploj ed the true cause of the repeated attacks of rectal discharge 
may not be suspected 

The well knoavn “textbook picture’ of chronic ulcerative colitis is 
a more severe disease characterized by recurrent and usually pro 
tracted periods of se\ ere diarrhea Gross blood in the stools is a van 
able feature In some cases considerable blood is lost in this way while 
in others there is no visible blood at any time in the course of the dis 
ease Commonly, there are two types of bowel movements In addi 
tion to the usual diarrheal stools consisting of liquid feces asith the 
admixture of more or less blood, there are varying numbers of rectal 
discharges which consist of mucus blood and pus The frequency of 
these discharges of exudative material is generally directly proper 
tional to the activity of the colitis 
Systemic symptoms are also extremely variable They arise from dis 
turbances of nutrition, loss of blood and the effects of chronic sepsis 
Consequently, chronic ulcerative colitis may cause retardation of 
development weight loss amenorrhea avitaminosis hypoproteineima 
and anemia Fever and leukocytosis frequently occur during the 
periods of active disease but in some cases they are never observed 
The explanation of this variation is probably on tlie basis of different 
degrees of secondary infection of the bowel with a variety of different 
organisms Tlie frequency of septic skin lesions, infectious arthritis, 
and perianal abscesses is evidence of the colitis patients lowered te 
sistance to infection 

The cases of so called “fulminating ulcerative colitis,” characterized 
by severe bloody diarrhea, tenesmus, abdominal pain, toxemia and 
fexer, are those in which the factor of acute sepsis is predominant 
Gross destruction of the colonic mucosa, hemorrhages, perforations 
ind toxic ileus are responsible for the high mortality This form of 
colitis may occur as the first attack but often represents an acute ex 
icerbation of a colitis which has been present for a time 
Chronic ulcerative colitis is in general, a disease of young adults 
and children The most sex ere cases have their onset m the second 
decade or m the early twenties This characteristic is so striking that 
when the onset of symptoms occurs after the age of forty the diag 
nosis of ulcerative colitis sliould be viewed with skepticism until ex 
tensive diagnostic studies have ruled out the intestinal diseases more 
common at this age 

DIAC^OSIS 

From the standpoint of diagnosis the review of symptomatology may 
be simplified to the dictum that any case of persistent diarrhea or any 
case of a discharge of blood or pus from the rectum may be one of 
ulcerative colitis 
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The diagnosis depends entirely upon the demonstration of the char- 
acteristic changes m the colon and rectum, which can be done by the 
use of the proctosigmoidoscope or the roentgenogram or both Both 
methods of examination should be employed m all cases because only 
by the correlabon of the data obtained in both procedures can a saUs 
factory estimate of the extent and activity of the disease be made 
In a large majority of cases of ulcerative colitis the rectum and 
sigmoid ate involved so that the typical diagnostic changes in the 
mucosa can be directly viewed tlirough the proctoscope The charac 
teristic mflammation of the mucosa m ulcerative cohbs has a diffuse 
distnbubon so that there are no areas of normal mucosa to be seen 
m the segment in\ ol\ ed The initial change appears to be one of con- 
gesbon which may be so marked that small liemorrhages occur in 
the mucosa Exudabon from the inflamed surfaces produces a coabng 
consisting of mucus, pus and blood Edema of the wall of the rectum 
and sigmoid produces narrowing of the lumen and thickening of the 
rectal valves In the acute fulminating cases areas of necrosis and de 
strucbon of the mucosa may be seen, but discrete ulcerations are not 
typical of idiopathic ulcerative colibs Inspection of the mucosa dunng 
remissions of activity shows less congesbon, edema and exudabon 
The surface is roughened and granular because of fibrous scamng in 
the mucosa Easy bleeding with the slightest touch is characteristic 
Roentgenology —Although the diagnosis of ulcerative colitis is often 
possible from the proctoscopic exammabon alone, it is only by the 
roentgenogram that the extent of involvement of the colon can be 
determined In colitis, changes from the normal roentgenologic ap 
pearance of the colon are the result of irritation of the organ and 
edema of the wall of the bowel, v\nth obliteration of hausbal markings, 
loss of flexibility, narrowing of the lumen and coarsening of the 
mucosal pattern The mevatable fibrosis of the bowel wall produces a 
permanent narrowmg and shortening of die large mtesbne as well as 
rigidity, which may be marked m degree 
Differential Diagnosts.'-The differenbil diagnosis of ulcerabve 
cohtis involves considerabon of cancer of the rectum and colon, bacil- 
lary dysentery, amebic dysentery, tuberculous entetocohbs, lympho 
granuloma inguinale and regional ileiUs 
Although cancer of the large bowel may produce similar symptoms, 
it may be suspected when the onset occurs in later life A diagnosbc 
shidy with both the roentgenogram and the proctoscope reveals find 
mgs so different that differenbation is not difficult 
Bacillary dysentery is ordmanly an acute form of colihs which 
occurs in epidemics as a result of an mfeebon wath a specific organism 
which can be identified by culture In certain instances a chronic form 
of cohbs has followed an attack of acute bacillary dysentery which is 
indistinguishable from chronic ulcerabve colitis 
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Chronic amebic dysentery rardy produces the marked and ex 
tensive roentgenologic changes in the bowel as does ulceratne colitis 
The amebic ulcerations observed proctoscopically are distinct ulcera 
tions with surrounding mucosa which is comparatively normal The 
diagnosis of amebic colitis depends upon the finding of amebae or 
amebic cysts 

Tuberculous enterocolitis may be identified by its characteristic lo 
cation involving the terminal ileum and proximal colon and by its 
association with open pulmonary tuberculosis 
Lymphopathica venereum chanctcristically involves the rectum and 
surrounding tissues producing marked granulomatous changes with 
out affecting the colon The Frei test is usually positu e m this disease 
Regional ileitis may produce chronic diarrhea anemia and systemic 
effect similar to that seen in ulcerative colitis The proctoscopic ex 
amination is negativ e and roentgenologic studies of the gastrointestinal 
tract show the invoU ement of the ileum instead of tlie colon 

IKANACEMENT 

The one outstanding fact concerning the treatment of chronic 
ulcerative colitis is that as yet there is no specific cure Medical man 
igement therefore consists of general supportive measures which may 
permit the natural development of a prolonged or indefinite remission 
It IS extremely doubtful if any well established case of ulceratne 
colitis can ever be regarded as cured witbout the complete removal 
of the colon and rectum 

The measures used m the treatment of this disease may be classified 
as (1) control of diarrhea (2) correction of nutritional disturbances 
I (3) correction of the effects of blood Joss (4) control of sepsis (5) 
nonspecific therapy and ( 6 ) psychotherapy 

Control of Diarrhea —If the colitis is severe ^nd active complete 
control of the diarrhea is practically impossible It is desirable how 
ever to reduce the number of stools to a minimum 

The diet should consist of foods which have a mmimal stimulating 
effect upon peristalsis as well as a low indigestible residue Highly 
seasoned food ice cold food or drink and excessive quantities of fluid 
are to be avoided 

Certain inert substances suifli as bismudi kaolin aluminum by 
drovide and calcium phosphate tend to protect the surface of the 
bowel give greater consistency to the stools and possibly have some 
favorable absorptive properties for intestinal bacteria and toxic sub 
stances A heaping teaspoonful of bismuth subcarbonate or kaolin 
every tvvo hours may bo of benefit but these substances increase die 
bulk of the stools and do not always produce the desired effect upon 
the diarrhea Their use therefore must be regulated for the individual 
case 
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The effectiveness of antispasmodics, including those acting upon 
smooth muscle as well as those affecting the parasympathetic nerve 
endings, is difficult to evaluate Certainly, the ordinary use of atropine 
or belladonna has no obvious effect. In my experience, from 1 to 
grain doses of papaverine every four hours are well tolerated and ap- 
pear to be effective in relieving abdominal cramps and to some extent 
reduce the number of stools 

Deodorized tincture of opium (10 minims every four hours) will 
usually reduce the number of stools temporarily Larger doses may 
stop the diarrhea but this may be accompanied by an increase in gen- 
eial toxicity, so it is questionable if it is desirable to stop the free 
drainage of the bowel The continued use of opium is to be avoided 
m chronic cases because of the tendency to addiction 
In many instances a reduction in the number of bowel movements 
may be obtained by the use of sedatives Phenobarbital m % gram 
doses three or four times daily is often effective 
Treatment of Malnutrition.— Nutritional disorders are common 
and usually severe in ulcerative colitis, and their treatment is of first 
importance in bringing about a remission The diet should be as liberal 
as possible consistent with reasonable control of the diarrhea It 
should have an adequate caloric value because the disease is a chronic 
one and the food intake must be supported through a long period of 
difficult nutrition Tliere is considerable loss of plasma protein in the 
exudate from the bowel and the frequent finding of hypopiotemeima 
IS an indication for a high protein diet 
In cases of active colitis and severe diarrhea the following foods 
may be used 

Meats Beef lamb In er, bacon chicken fish (twice dail>) 


In cases in which the dmihci has subsided, 
may be gradually added 


the following foods 


Cereals Oatmeal com Hakes 

VegetMcs Lettuce, celery, stnng WiK. peas asparagus carrots, beets, 
caulillower 

Desserts Cooked or canned fruit 

Bctcrages Coffee orange juvee (uilmuted quantities) 

naw fruits Raw, npe banana and scraped raw apple may be tned 


Vitamin deflcieno IS -. frequently observed complication of ulcera 
toe cohtis The intabe of these essenhal food factors is reduced by 
the anorexia which accompanies the disease and by the limitation of 
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the diet in an effort to control diarrhea The factor of poor absorption 
of vitamins due to hypermotility is probably of equal importance 
Supplemental vitamin administration is indicated tlierefore m prac- 
tically all cases of ulcerative colibs except for those patients who are 
m a remission and are able to eat a liberal diet As a general guide to 
vitamm therapy the following table of minimum daily therapeutic 
doses pubhshed by Jolliffe may be follmved 


Vitamin 

Moderate 

Deficiencies 

Severe 

Deficiencies 

Vitamin A 

23000 units 

50000 units 

Vitamm D 

1 000 units 

2 000 units 

Thiamine hydrochlonde 

5 mg 

10 mg 

Riboflavm 

5 mg 

10 mg 

Kiacuiamidc 

150 mg 

SOO mg 

Ascorbic acid 

150 mg 

300 mg 


In severelj ill toxic patients larger doses of the water soluble vita 
mms should be given parenterally 
Treatment of Blood Low — Tlie anemia of ulcerative colitis is 
caused by the considerable loss of blood m the stools and by inade- 
quate intake and absorption of blood forming constituents of the diet 
Blood transfusions constitute the most effective and most direct at 
tack upon the severe anemias and the hypoproteinemia which is often 
present Multiple transfusions until the blood reaches a normal range 
are frequently helpful in bringing about control of the actise symp 
toms 

Iron administration is indicated but often is not well tolerated be 
cause of increased diarrhea Ferrous sulfate and ferrous gluconate in 
doses of from 3 to 6 grains three times a day should be tried 
Treatment of Sepsis —Fever in ulcerative colitis is always a serious 
sign It usually indicates activitj of the ctilitis avith more or less sec 
ondary invasion of the diseased bowel wall by a variety of organisms 
which are present m the lumen 

Sulfonamide therapy m ulcerative colitis has shown variable re 
suits There seems to be little to indicate that there is any effect upon 
the primary cause of the disease but there is probably considerable 
value m the bacteriostatic efieCl of flie sullonaimdes on the bactewi 
m tJie lumen as well as those which secondarily invade the mucosa 
In patients who run a septic course the use of a soluble sulfonamide 
such as sulfadiazine ( 1 gm every four hours ) is indicated in an effort 
to reach the mvadmg organisms through an adequate concentration 
of the drug in the blood When soluble drugs are used it is necessaiy 
to insure an adequate urine output by forcing fluids by mouth and 
administenng additional fluids by vein 
The poorly soluble drugs such as sulfaguandine and succinylsu! 
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atliiazole may be used in afebrile cases to reduce bacterial growth 
vithin the bowel. In some cases the diarrhea may be lessened but the 
esults are so variable and unpredictable that tire value of the drugs 
s questionable. Recently, Streicher has reported good clinical results 
rom the use of phthalylsulfathiazole, another poorly soluble sul- 
onamide. 

In general, the few reports on the use of penicillin in ulcerative 
;olilis have not been encouraging. Streptomycin, a newcomer in the 
Reid of antibiotic therapy, has not been tried sufficiently. It is probable 
that the antibiotics, like tlie sulfonamides, will be found to have no 
curative effect upon the colitis, but that in some cases there will be a 
favorable clinical effect apparently due to action upon secondary in- 
fection. 

In the so-called “fulminating” ulcerative colitis, severe sepsis is the 
outstanding clinical feature. It may be uncontrollable and rapidly fatal. 
When sepsis proves intractable to medical measures, ileostomy is in- 
dicated. In the majority of cases the clinical improvement attendant 
to putting the colon at rest is striking provided the ileostomy is done 
before the patient is moribund. Experience at this Clinic has led to 
the belief that in cases of severe toxicity with a spiking type of tern* 
perature curve, rising pulse rate and showing indefinite response to 
chemotherapy and supporting measures, the deferment of ileostomy 
for more than a week is extremely dangerous. Although no standard 
rule can be laid down that is applicable to all cases, comparatively 
early ileostomy will definitely lower the mortality rate. 

Nonspecific Therapy.— Fever induced by injections of nonspecific 
foreign protein has been observed to have a favorable effect upon the 
course of some cases of ulcerative colitis. Intravenous injections of 
graduated doses of typhoid vaccine constitute the method usually 
employed. The mechanism by which clinical improvement is brought 
about is not clear but apparently there is mobilization of bodily re- 
sistance that sometimes results in a remission of the colitis. This 
method of treatment is particularly indicated in afebrile cases which 
run a chronic indolent course and show little tendency to get either 
worse or better with the usual supportive treatment. Although non- 
specific vaccine tlierapy apparently has some therapeutic usefulness 
it cannot be considered a cure of ulcerative colitis. 

Psychotherapy.-Practically all writers upon the subject of psycho- 
somatic medicine include chronic ulcerative colitis as an example of 
psychosomatic disease. Certainly, the personality pattern is fully as 
constant in this disease as in any other organic condition thought to 
be initiated by nervous factors. In a large number of cases some 
psychic or emotional trauma is associated with the onset of colitis and 
anyone treating patients with this disease is impressed with the im- 
portance of emotional factors in the control of symptoms. While it is 
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doubtful tliat once the colitis is well established any amount of psycho- 
therapy will bring about a complete return to normal, it is certainly 
true that this form of treatment is important in the mamgement of the 
disease 
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CHROMC ULCERATIVE COLITIS COiMPLlCATED BY 

CARCINOj>U of the colon and rectum 

Riciiabd B Cattell and Earl J. Boehaie 

Increasing attention must be focused on catcmoma as a complica- 
tion of ulcerative colitis Ulcerative colitis predisposes to malignant 
disease of the colon by the very nature of the repeated infections fol- 
lowed by attempts at healing \vith the production of polyps, pseudo 
polyps, scar tissue, and often malignant growtli In tlie past seven 
years v/e have operated on 9 patients with ulceratn e colitis and asso- 
ciated mahgnancy in the colon or rectum As a rule, these are highly 
malignant tumors and unless surgical mtervenbon is early, the outlook 
IS poor 

A detailed study of the histones of tliese cases to be published else- 
where sho\\ed the ulcerative colitis to have an average duration of 
more than nine years before a change of symptoms or the accidental 
finding of carcmoma at the time of colectomy Thus, ulcerative colitis, 
whedier in remission or m the active stage, requires the same vigi- 
lance We ha\e found carcinoma in one case in which the disease 
had been present without remission for only three months and m an- 
other for three years In the ma)onty, however, the disease is present 
with remissions and relapses for many years The absence of symptoms 
or an apparent cure after many or even a few years of ulcerativ e cohtis 
is no insurance against tlie development of mahgnancy 
Two cases, presented here in detail, are illustrative of the varied 
aspects of this complication 

Case I —This 27 year old man came to Uie Chnic in Apnl 1940, with a thirteen 
year history of attacks of bloody diarrhea He had many periods of rejjjA&sjrco /cj- 
lowed by dianhea of mucus, pus and blood His last relapse began a year before 
admission and had been of constant soenty He had lost 15 pounds in weight and 
had eight loose stools daily 

HiS general physical condibon was withm normal limits e-scept for evidence 
of weight loss All of the laboratory studies were withm normal limits Examim 
tions of the stool for ova parasites and Endamoeba histolytica were negative 
A proctoscope was introduced with difficulty and showed a scarred and con- 
tracted rectum On roentgenologic caaminalion a severe chronic ulcerative colitis 
was demonstrated Tlie bowel was ngid and tube hke with i - - 


vuittiuuiy i^nv ilescence was unev entful and 
he left the hospital on tlie seventeenth postoperative day It is mteresbne to note 

to be ooused b, avitamioosb He recovered a nonoal ba.r growth later and his 
general condition improved Three months after liis ileostomy he was readmitted 

&41 
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to the hospital for second stage colectomy At that operation the terminal ileum 
ascendmg transverse and part of the descending colon \sere removed and on 
section showed typical advanced chronic ulcerahve colitis 

The final admission svas two months later at which tune the remaining 
descending colon and rectum were removed On nucroscopic examination the 
specimen showed a typical adenocarcmonu with foci of carcmoma simplex 
associated with chronic ulcerative cohtis 

The pahent has been eitammed yearly since his total colectomy and shows no 
evidence of recurrence over five years after operation He maintains excellent health 
and reports that he is able to play tennis He wears a Rutzcn bag with complete 
control of the ileal discharge 

Comment —In this case the total colectomy removed the carcinoma 
which was unsuspected nt the time of operation It is fortunate that 
the indication for total colectomy coincided with the early stage of 
the malignancy This patient had a thirteen year history of relapsmg 
ulcerative colitis which finally bectme mtractable and required total 
removal of the colon Certainly if repeated infection and untabon 
with attempts at healing are factors in the dev elopment of carcinoma 
this case can be added as evidence to support the hypothesis 

Case II —Tins 53 year old man was first seen at the Clinic in May 1942 Hu 
history of ulceraUxe colitis began In 1924 with d anbea of blood pus and mucus 
For many years he had relapses which were treated vnth paregoric heat bed rest 
atropine vitamins d et vaccines and silver nitrate enemas In 1940 and 1941 
the diagnosu of ulcerative cobtis was made by roentgenologic examination and 
an operation for rectal stncture was advised but refused by the pabent Following 
this he enjoyed some remission of tlie disease until eighteen months before adimss oa 
Since that time he had bloody diarrhea of five to twenty movements m Uventy four 
hours He lost 51 pounds In weight and was becoming progressively weaker 

Physical examination revealed a well developed large vvlute male who showed 
evidence of recent weight loss The Lver margin was easily palpable three finger 
breadths below the right costal margin Rectal stncture prevented the mtroduction 
of the proctoscope Barium enema roentgenography showed the entue colon to he 
tubular markedly contracted and ngid There v\cre no normal markings There 
was evaggerated emptying with marked mucosal changes throughout The con 
centration of hemoglobm was 7 8 gin per 100 cc of blood Erythrocyles numbered 
4 500 000 and leukocyte* 10 750 ptr cubic millimeter of blood Blood smear 
exhibited marked achromia of the red cells The unnalysis revealed a 2+ albumm 
with occasional granular casts On admission to the hospital the nonprotem nitrogen 
was 23 mg per 100 cc of blood the hematoent was 28 per cent and the chlondev 
were 4'’5 mg per 100 cc of whole blood In view of the chronicity and mime* 
ability of the disease colectomy was advised and accepted by the pahent 

After preparahon with vxhole blood transfusions and administration of glucose 
and sahne solution the patient was operated upon and a divided loop ileostomv 
vias done At operahon a fixed mass vxas found at the hepabc flexure A biopsy 
specimen was obtained but no further exploration was done Microscopic examm* 
bon of the specimen revealed a mucinous carcmoma The pabent dd well aJ* 
was discharged on his nineteenth postopeiahve day , 

In June 1942 six weeks after ileostomy the pabent was readmitted to 
hospital He had gamed weight and strength so rapidly smee his ileostomy bw 
he wished to be operated upon with the possibility of reseebon of the lesion 
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reoperabon the mass was found to be fixed and there ^%ere implants of mucmous 
carcmoma m the general peritoneal cavit> This pabent died at home m December 
1942 seven months after his initial operation 

Comment— This pahent had a history of an eighteen months’ warn 
mg that somethmg more senous than a relapse of his colitis was oc- 
cumng The fact that roentgenologic stud} did not reveal the lesion 
after it had existed for tins length of time serves to place the onus of 
decision on the chnical history and condition of the patient Loss of 
weight and mcrease m bloody stools m an already senously damaged 
colon defimtely mdicate the necessit> of doing a total coIectom> 
with removal of any concomitant malignant lesion 

su^nuRi 

There is a significant incidence of carcinoma comphoatmg cliromc 
ulcerative colitis Although the average duration of the disease before 
the development of malignant disease is more than nine >ears it ma> 
develop at any tune Careful follow up studj of all ulcerative cohtis 
patients is necessary regardless of how long tlie ulcerativ e cohtis has 
been m remission Earlier surgical intervention when wammg symp 
toms appear will materially improve the prognosis when carcmoma is 
present Broadening the indications for colectom> will remove unsus 
pected carcinomas in some patients and prevent the subsequent de 
velopment of malignancy in others 



CONGENITAL MEGACOLON 
Richard B Catteu- and Bentley P. Colcock 

Varying degrees of dilatabon of the colon as a result of obstruction 
or of disordered function are seen frequently True congenital mega 
colon or Hirschsprung's disease, on the other hand, is uncommon, but 
its management is a serious problem Dilatation is usually greater than 
is seen with the acquired type and commonly mvoKes the sigmoid, 
sigmoid and rectum and occasionally the entire colon 

The etiology of congenital megacolon is obscure It has been sug 
gested in view of the temporary benefit deri\ ed from sympathectomy 
that a congenital imbalance of the autonomic nervous system is re- 
sponsible for the initial patholo^* It may be that the pathologj 
origmates in the mtnnsic innervation of the bowel wall, that is m the 
plexus of Auerbach, and not in the extrinsic sympathetic nervous 
system (Jordan and Swarts) 

The symptoms m this group begin shortly after birth, but by the 
time treatment is undertaken, secondary pathologic change, namely 
fibrosis of all coats of the bowel wall, particularly the musculans, has 
altered profoundly the fundamental problem We are no longer deal 
ing with an atonic but otherwise normal bowel wall but an hyper 
trophied bowel uall which may no longer be altered by sympathec- 
tomy 

The entire group of 2,7 patients with megacolon wtU be reported in 
detail elsewhere" We xviU discuss briefly only that small group of 6 
patients who were submitted to surgical treatment and who represent 
examples of true congenital megacolon These were obserxed in a six 
year period from 1939 to 1945 

The ages of these patients were 17, 16, 13, 10, 17 and S years ifl 
the order they are reported Each gave a history of obstinate consti 
pation present since birth in spite of laxahxes and enemas, all had 
chronic abdommal distention At times this distention would become 
\ery marked and be associated with severe abdommal pain, followed 
by nausea and vomiting Marked interference with nutrition was cm 
denced by their emaciated, anemic appearance on physical examma 
tion 

Patients with milder degrees of megacolon may be earned along 
satisfactorily on medical management, but one must always be on 
guard lest obstructive episodes lead to perforation and death Gnmson 
Vandegnft and Dratz found in the literature a mortality from medical 
treatment ranging from 19 to 79 per cent, with an a\ erage of 58 
cent, for the more severe forms of megacolon, particularly in tha 
644 
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group of patients m whom the rectum is not much involved (Cases I, 
II III, V and VI) 

In those patients with associated dilatation of the rectum, operation 
can eliminate most of the dilated colon, with a decrease in the size of 
the abdomen and a reduction in the likelihood of perforation, but 
they must still be watched for the de\elopment of fecal impaction 
{Case IV) 

In attempting to promote the easier evacuation of the rectum in 
this patient a rectal dilatahon and pectenotomy were performed, \vitli 
no improvement This is in agreement with Dixon’s experience that 
rectal dilatations are of little value m the treatment of true congemtal 
megacolon 

Sympathectomy has long been recommended for the treatment of 
congenital megacolon^ and recently Penick has reported his expen 
ences with it We were encouraged willi the immediate results of 
bilateral lumbar sympathectomy in 2 patients (Cases I and II) How 
ever, both of these patients had recurrence of their symptoms within 
a year The first patient showed good clinical improvement and the 
barium enema was essentially normal two months later There was no 
appreciable change in the size of the colon m spite of the temporary 
clinical improvement in the second patient 
It IS our opinion that subtotal colectomy is the treatment of choice 
for advanced cases of congenital megacolon Because of the possibility 
that an imbalanced autonomic nervous system may be the primary 
pathologic condition and because segmental resection of localized 
megacolon has been followed by recurrent symptoms and dilatation 
of the remaining colon (Crimson) a sympathectomy was performed 
along Nvath the Mikulicz resection of the left colon in Cases IV and VI 
In patients in whom the proximal colon is involved as well we have 
preferied to remov e the entire colon around to the rectosigmoid form 
ing a double barreled Mikulicz spur with the terminal ileum and the 
unimolved rectosigmoid (Cases III and V) We prefer the Mikaihcz 
tvpe of anastomosis as a two stage operation rather than primary re 
section because of the changes in the wall of the distal segment which 
makes primary suture hazardous an opinion in agreement witb ^Vhlte 
house Bargen and Dixon 


RFPORT OF CASES 

^ V the Clinic on January 9 

1939 because of maiked constipation and a dilated colon The patient stated that 
she had always be^ constipated and had required laxatives in order to ha%e 
bowel moiements Tliese mcnements occurred exery second or third day occa 
sionally once a «eel. and each leqnned a good deal of stra mng A bannm enema 
performed a jear previously showed a large dilated colon In addihon to ab- 
dominal discomfort and pam sbe complarned of fatigue and headaches At this 
time she required a 2 quart enema to have a bowel movement 
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Abdominal exammation revealed a full, palpable colon Roentgenologic ex 
animation demonstrated a megacolon, laigelY localized to the sigmoid She was 
placed on medical management 

In August 1939 her bowel acbcm was unproved, and she had gamed weight 
At this time a banum enema revealed the enUre colon to be larger than normal 
with the greatest enlargement in the sigmoidal loop A banum enema on August 
20, 1940, a year later, demonstrated madded dilatation of the colon and there was 
poor emptymg Both the pabent and her mother felt that her condibon was be 
coming worse She was admitted to the hospital for bilateral lumbar sympathec- 
tomy, which was earned out on August 23, 1910 At operabon, the ddatabon was 
foimd to be most marked in the descending colon and sigmoid The bowel was 
mobilized and the left lumbar sympathetic trunk includmg the second third and 
fourth gangha, was removed The right colon was then mobilized and a sunilar 
excision of the nght sympathetic trunk was earned out The pentoneum was le 
approximated The appendix was removed Convalescence was uneventful and 
she was discharged on medical management of her megacolon 

In September 1940 she looked and felt well and was having three spon 
taneous bowel movements a week In October 1940 her condition was good 
banum enema showed no dilatation of her bowel and there were good haustral 
markmgs In June 1942 she was again having incgulanty m her bowel mose- 
ments IVith the aid of mineral oil and enemas she Jiad a bosvel movement every 
two or three days and was avoiding distention and colon accumulation 

Case II— A 16 year old boy first came to the Oimc on April 19 1910 com 
plauung of consbpation present throughout bfe He was first seen by the family 
physician for this condition at the age of 2 at which bme a large fecal impic- 
bon was found A roentgenogram of the colon at that bme showed marked d la 
tabon producing the distenbon of the abdomen He got along fairly well under 
medical treatment until tlie age of 3 when mmeral oil and enemas failed to work 
satisfactorily Since that bme he has had to be taken to the hospital on numeroui 
occasions and given an anesthebc for the removal of a rectal impacbon At the 
time of our exammabon he was having increasing abdominal pain 

On physical exammabon, a hard mass was felt filling the left side of the ab- 
domen, extending from the pubis to the costal margin On rectal exarrunahon a 
large impaction was found just inside the sphincter continuous with the ab- 
dominal mass The remainder of the physical examination w^ negative 

The patient was admitted to the hospital where under cyclopropane anes 
thesia a tremendous fecal impacbon was removed This was felt to be a good 
case for sympathectomy and it was advised It was earned out on August 5 1940 
with removal of the second third and fourth lumbar sympathetic gangha on each 
side At this time the distal colon was found to be markedly atonic and dilated 
The proximal colon (nght and transverse) was moderately dilated, with good tone 
throughout the bowel wall 

Convalesence was uneventful and a banum enema on August 23 revealed 
’ 1 1 - - haustral markmgs even though the dis 

bme of his discharge he was able to 


„ daily l»wel movement, but these were 
small Large, sausage shaped masses could be felt on abdominal examination 
Banum enema revealed a large dilatation of the sigmoid with normal proxunaj 
colon In March 1941 he reported having considerable difficulty with his bowel 
movements and later developed repeated impacbons in his rectum He was ad 
vised at this bme to have excision of his dilated colon In February 1946 the 
pabent was working but sbll required hospitalization three to four times a year 
for removal of fecal impacbons under spinal anesthesia His physician reports that 
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.mpacuons have been removed on tl.e foUomng dates February ^ Septem- 
ber 17, 1942, April 14 and September 28. 1913, January 29. June 19, October 6 
and December 18, 1944, May 5 and August 13, 194o, and January 7, 1946 He 
lurther slates dial the patient * has no evacuations except at these bmes 

Case III -A white boy of 13 ivas first seen at the Chnic February 9, 1943. 
because of seierc consbpation and distenUon of the abdomen present since birth 
Abdominal distention often mcreased to the pomt where it led to vomiting For 
the last two years a daily enema had been necessary and four weeks previously 
the vomiting distenton and constipation had been so severe th-xt the patient had 
had to stop school, ha\e bidaily enemas and was able to eat only small amounts 

Physical examinabon revealed tliat the patient nas emaciated, with a maAedly 
distended abdomen and accentuated penstalbc sounds A roentgenogram after a 
banum enema demonstrated a tremendous dilatation of the colon, parbcularl> 
of the sigmoid (Fig 286) He was admitted to the hospital on February 9, 1943, 



Fig 286 (Case III) —Dilated sigmoidal loop filled with banum coated feces 


and placed on a medical legimea including mecholyl bromide He improved, 
the size of his abdomen decreased and he began to have a daily movement and 
to gam weight He was discharged on February 24, 1943, to conbnue with 
mecholyl and mmeral oil tliree tunes daily 

The pabent was vvell for a few months but m June 1943 began to have m- 
terauttent bouts of partial obstrucbon associated widi vomibng He was adimtted 
to the hospital and when the obstrucbon faded to respond to mhibabon of tlie 
small bowel, an emergency sigmoidostomy was earned out on August 23, 1943 
Progress postoperatively was slow but steady, and the ibdomen gradually vvas de- 
compressed He was discharged much improved on Septembet 14 1943 On 
November 2, 1943, be was feeling weU There vvas sbU some dramage from the 
y oidostomy wound Although he looked and felt vveU the colon vvas gradually 
li! adviseo to enter the hospital At operabon, February 5 
1944, ^e h^ertiophy and dilatabon were found to stop abruptly at the lower 
sigmoid. Subtotal colectomy was peifoimed (Fig 287), with formabon of a 
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double barreled Mikubcz ileosigmoidostomy The pathologic erammalion sbo%%ed 
marVed b>TertTopb> o! the muscubns (Tig USS). ^ r Ttui 

Con\alescence w-as sahsfacloi> and tfie paUent was discharged Ma^ 6, 1&44 
On \pnl 28, 1944, the colo 5 tom> was closed He was feeling well and much im- 
pnned He was seen again December 14. mi, at which time he had gamed 50 
pounds m weight, his bowels were moxing two or three tunes daily and hiS gen- 
eral condibon was excellcnt- 


Case IV -a >oung while gul, 10 >eats of age, was first seen August 3. 
complaining of bowel trouble present since die age of 4 Since that bme she bad 
had penods of consbpaDon alteraatmg with pcnods of diarrhea, iisuall> associated 
wath se\ete cramps At times these cramps were severe enough to lead to a state 
nf collapse 



Physical exaimnabon revealed a thin, undernounshed child, having considerable 
abdominal pain The abdomen was maibedly distended, with many palpable sohd 
masses following the oullme of the colmi A large fecal impacbon was present m 
the Tectum She w-as admitted to the hospital August 4, 1942, and the impacbon 
htolen up under anesthesia and removed She was disdiaiged August 11, 1^42, 
under medical treatment for megacolon. mcludmg tnecholyl bromide, 0 1 gm 
twice daily A roentgenogram after a b^ura enema was made on August 24, 
1942, and demonstrated a tremendous ddatabon of the rectum and rectosigmoid 
which filled the enbre left half of the abdomen (Fig 2S9) 

The pabenl was seen September 21. 1942, at which tune her bowels were 
moving mh with the aid of enemas twice a weel. The dose of mecbol>l was 
increased from 0 1 gm to 0 2 gm twice a da} She improved somewhat darmg 
the nevt few months She was seen again in April 1943, having reverted to her 
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Fig 290 (Case IV) Alter full banum enema \fay 26 1044 Marked dilatation 
of the entire colon extending to the ana) canal 



Fig 291 (Case IV) —Diagrammatic representation of the extent of the dJateil 
colon Note that it includes the rectum The shaded area xvas resected 



651 


CONGENITAl. MEGACOLOV 

previous condiuon She had vomited once three weeks pre^^ous to her visit She 
improved somewhat during the next few months again, but when seen m October 
her abdomen was stiU markedly distended and tender In May 1944 this had m- 
creased to a point where she was advised to enter the hospital again 

The paUent was admitted to the hospital on May 16, 1944, and a pectenotomy 
was performed for a spastic anal sphincter, followed by evacuation of the rectum 
and rectosigmoid K barium enema May 26. 1944, revealed dihtation of 
Ure colon, which was parUcularly maihed in the rectum and rectosigmoid f tig 
290) The abdomen continued to be distended and on September 21. 1944, she 
was admitted for surgical treatment This was cimed out on September 27, 1944, 
at which Ume a bilateral lumbar sympilheclomy was performed in addition to a 



a b 

Fig 292 (Case V) —a. After a full banum enema It was impossible to out- 
line tlie loop 

b. After evacuabon showing a large dilated sigmoidal loop and some dJata- 
bon of the left transverse and descending colon 


Mikulicz resection of tlie distal transvene colon, descending and upper sigmoid 
colon (Fig 291) The postoperabve course was uneventful The colostomy was 
closed on December 27, 1944 

The pabent improved considerably after operabon but continued to develop 
impacted feces in the dilated rectal stump and m March 1945 she required ad- 
mission for evacuabon of a large mipacboo under anesthesia 


Case V-A 17-year old white girl was admitted to the Climc on Apnl 11 
1945, romplammg of abdominal pain loss of weight and weakness She had suf.! 
fered from consbpabon smcc childhood, associated with severe cramping ab- 
dominal pams ^ntenng in the right lower quadrant, most marked during the past 
year Sh^ad had an appendectomy performed and the appendix was said to be 
normal The pains rccuned in one month and occasionally were associated with 
nausea and vomibng She had had some edema of the ankles for the past two 
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Physical examination rexealed that the pabent was thin and anemic There 
was a tender mass m the nght lower quadrant and an elongated tender mass m 
the left lower quadrant Rectal examination was negative Roentgenogram of the 
chest was negatixe except for elexation of the left diaphragm by distention of 
the colon beneath The red blood cell count xxas 3 100 000 A roentgenogram 
after a banum enema demonstrated an enormous dilatation of the sigmoid and 
moderate dilatation of tlie remainder of the colon (Fig 292 a and b) The rec- 
tum and loxver sigmoid xxere normal 

Operation xvas advised and was earned out May 7, 1945, under spinal anes 
ihesia The sigmoid descendmg and transverse colon were found to be enormously 
dilated with moderate dilatation of the cecum and ascending colon The re- 
mamder of the abdominal viscera w.as negative The termmal ileum ascending 
transverse and descending colon were mobilized and resected (Fig 293) "ilh 



Fig 293 (Case \ ) — Tlie shaded area shows the extent of the dilatation and 
amount of colon resected 

formation of a double barreled Mikuhcz spur of the terminal ileum and lo"fr 
sigmoid colon Tlie denuded area was pentoneahzed ind a catheter placed la the 
terminal ileum for immediate decompression 

Conxalesence was uneventful The patient was discharged June 3 1945 She 
was readmitted on July 9 1945 and a crushing clamp was placed on the re* 
mamder of the spur which bad not been obliterated She experienced discoin 
fort which persisted for several davs and was accompanied by fever Tins sub- 
sided after sulfadiazine therapy and her general condition seemed excellent An 
extrapentoneal closure of the colostomy was carried out July 23 1945 On the 
first postoperative day the temperature rose to lO-l fell slightly and then "en 
to 105 and continued high The patient appeared marledly toxic and there wa' 
increasing ngidity of the abdominal wall Her course continued down hiU ^ 
she died on the fifth postoperative day Necropsy was performed and reveal 
generalized penlonitis with localized abscess in the left gutter 



Fig. 294 (Case Banum eneroa; marked dilatation of the sigmoidal 

loop Is shown. The rectum \V3S not greatly <Llated. The right colon was only par- 
tially &lled but not increased in size. 

b. After evacuation; gas filled sigmoid and descending colon are evident. 
The rectum shoivs contractabiiity. 



Fig. 295 (Case VI).-Tlie shaded area shows diffuse dilatation of the left colon; 
the rectosigmoid was relatively free. 

«Se. was Erst seen at the Clinic on Sep- 
tember l4, 1945, complaining of severe constipahon present since birth. The 
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consbpabon bad been paibculaily marked dunng the preceding six weeks, enemas 
were no longer effecbial and he usually required manual help m havmg an evacu 
abon His abdomen was always distended, somebmes markedly so, particularly 
in the epigastnum 

Physical examination revealed an undemouiished, underweight young raale 
with a markedly distended abdomen Digital exanunabon demonstrated a large 
fecal impacbon which required manual removal Following removal of the im 
pacbon a banum enema was given and revealed a markedly dilated colon, most 
marked ui the sigmoid colon (Fig 294, a and 6) He was admitted to the hos 
pital September 19 1943 

At operabon, the colon xvas found to be greatly distended beginning at die 
splenic flexure and ertendmg down to the tectum (Fig 295) A Mikulicz resec- 
bon of the sigmoid and descending colon was earned out m addibon to a left 
lumbar syinpatliectomy on September 22, 1945 The postoperative course was 
uneventful and he was discharged on October 9 1945 in good condibon 

The pabent was seen November 23. 1945, at which time his condibon was 
excellent He was having daily movements Uirough his colostomy and there was 
no abdominal distention His colostomy will continue to funcbon for slx months 
m order to permit shrinkage of the distal bowel (rectum), followmg which tie 
spur will be divided and tlie colostomy closed ertrapentoncally 

COMMENT 

Lumbar sympathectomy for congenital megacolon, earned out in 
two cases which have been observed over a period of sk years after 
operation has not given satisfactory results The first patient was re 
Ueved temporarily and her colon returned to normal size, xvith normal 
haustral markings Subsequently, symptoms recurred m spite of con 
tinued medical regimen, and enemas were reqmred for satisfactory 
evacuation She could be considered as improved but not relieved 
The second patient hid immediate improvement m his symptoms 
without appreciable change in the caliber of the colon He requires 
occasional mechanical removal of large fecal impactions, and must be 
considered an unsatisfactory result 
It IS our opinion that lumbar sympathectomy alone offers bttle 
chance of complete relief of congenital megacolon If it is to be used 
as the only surgical procedure combined with medical treatment, it 
should be reserved for those cases with diffuse enlargement of the 
colon of moderate degree, and which are not relieved by medical treat 
ment alone We think it wiU be applicable to but few cases 
Congenital megacolon is best treated by segmental or subtotal colec- 
tomy The best results can be anticipated when the dilatation does nol 
mvolve the rectosigmoid and rectum In Cases IV and VI, the dda 
tation was confined to the left colon, permitting segmental resections 
In Case VI, the marked dilatation stops at the lower sigmoid, and it 
was possible to join normal transverse colon to normal rectosigmoid 
In Case IV, the enbre left colon, mcludmg the rectum, showed the 
same degree of dilatation As a result, a ilated lower segment 'sas 
left and the patient contmues to have symptoms No procedure short 
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of hemicolectomy and abdominoperineal resection wth permanent 
colostomy of the trans\erse colon would assure rehef in this patient. 
Such a radical procedure does not seem justified for this benign con- 
dition. The danger of \ohTilus and the danger of perforation of the 
short distal loop, part of which is exlraperitoneal, ha\e been greatly 
minimized 

In both cases, resecbon w as accompanied by bilateral lumbar s}^- 
pathectomy. Mobilization of the trans\erse colon permitted reestab- 
lishment of contmuit>’ by means of Milnilicz anastomosis. This safe 
procedure is recommended smce it a\oids pnmar>' intrapentoneal 
suture of mtestme which may be m\ol\ed. It is possible that resection 
alone will be sufficient to rehe\e these patients, but we recommend 
that the combmed procedure be utilized 

Subtotal colectomy will be required for patients ha\Tng dilatation 
m\ol\'mg the entire colon and is the preferred procedure In these 
cases (III and V) restoration of mlestinal continmt>' can be obtained 
hj joining the ileum to the rectosigmoid b> the Mdculicz procedure. 
Case III had an excellent result, j el il wall be noted that he w*as having 
two or three mo%ements per da>. Case V should ha\e been equallj 
satisfactory but unfortunately was an operati\e fatality. Subtotal 
colectomy, joining the ileum to the rectosigmoid stump, offers the 
greatest chance of complete rehef m these eztensi\e cases Smce the 
fecal discharge is hquid or senuliqiud, fecal impaction does not occur. 
Lumbar sympathectomy is not necessary wnth subtotal colectomy , and 
w as not done in either of these cases 


SU>niAR\ 


Congenital megacolon is rare. Stt pabenls ba^ e been operated upon 
at the Lahey Cimic from 1940 to 1945 inclusi^ e, and are reported- The 
operafaon of choice is segmental or subtotal colectomy Lumbar sym- 
pathectomy as the only operabie procedure offers little chance of per 
manent rehef and if employ ed should be resen ed for the milder cases 
wath diffuse dilatabon Medical treatment should suffice for these cases 
without operabve mter\eiibon. Lumbar sympathectomy may be com- 
bined with segmental resection but should not accompany subtotal 
colectomy. 
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SURGICAL TREATMENT OF INTESTINAL TUBERCULOSIS 


Ralph Adois anti Waltov H Miller 

Woke than 100 cases of intestinal tuberculosis have been seen at 
the Clinic in the fifteen j-ear penod pnor to 19-16 In a majority of these 
cases the clinical diagnosis has been supported by roentgenologic 
findmgs compatible with that lesion Many of these patients also had 
pulmonary tuberculosis, were referred to sanatoria, and their suhse- 
quent course is unknown to us Records were available, however, on 
19 pabents who receiv ed surgical treatment, and from those cases we 
have tried to arrive at some conclusions concerning the usefulness of 
such intenenbon 

There is IitUe question that the greatest incidence of intesbnal tuber 
culosis IS found m the cecum ileum and colon, named in the order of 
frequency of occurrence Rokitansky, in his work on pathology of 
tuberculosis (1845), emphasized that the first tubercles investing the 
intestmai tract are found in lymphoid bssuc, and that this tissue, 
being abundant m the region of the cecum and terminal ileum, prob- 
ably represents one argument for its predilecbon It is also suggested 
that considerable stasis is present in this region and that contact with 
the tuberculous bacillus may be more sustained Cullen believes that a 
portion of tlie alimentary spread may be hematogenous dissemination 
from a tuberculous infection elsewhere m the body 

In this group of cases the youngest patient was 16 and the eldevt 
66 years of age, the average age was 39 years This is somewhat 
higher than the average age group reported in larger senes Eyeriy 
and Breuhaus reported 30 as being the predominant average age 
There were 13 females and 6 males The duration of the disease vaned 
from three weeks to twelve years the average duration being three 
years 

St^IPTOMATOLOCy 

The most common complaint in the group of individmJs examined 
was abdominal pain This was present in Aree fourths of the cases 
It was usually intermittent in character, colicky in nature, and was 
quite often localized to the nght lower quadrant and pen umbihca! 
region Four of the patients had diarrhea 3 increasmg consbpataw 
and in the remainder there was no change in the bowel habit Unlv I 
patient had melena The second most common symptom was weight 
loss Fifty per cent of the patients bad this symptom Vomiting ocj 
curred m 3 cases, and dierc were draining abdominal sinuses in 
cases It has previously been thou^t that intesbnal tuberculosis was 
636 
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rare unless there was a preeosting pulmonary lesion. In this senes of 
cases there were 5 patients whose roenlgeno'nnins showed pulmonir) 
tuberculosis, 6 that did not, and in S ?ases roentgenograms were not 
taken of the chest but clinical eTaminabon was negatiye In general, 
the SMnptomatolojt> was similar to that pre\iousU reported.* 

AIDS TO DIAOO'-IS 

It IS recognized that in most patients who die from tuberculosis of 
the lungs ulceration m the bow el will be found at autopsj Burke and 
Aronovatch, m a senes of 90 necropsies on tuberculous patients, found 
ulceration of the bow el to be present m 70 cases As seen m this senes 
of surgically treated cases, howe\er, 6 pahents had tuberculosis of the 
bow el wathout pulmonary findings If a patient is under treatment for 
pulmonar) tuberculosis, and the lesion seems to be progressing favor 
ably and > et the patient has fey er, malaise and w eiaht loss, intestinal 
tuberculosis certainly should be senously considered. 

The most helpful diagnostic aid \yhich we haye foimd is tlie barium 
enema. We beheye, hoyyeyer that the diagnosis is best made by using 
both the banum enema and the banum motor meal The study should 
include fluoroscopic exairunabon m all mstances The roentgenologic 
signs of tuberculosis in the ileum are se'nnentation and dilatation </ 
the ileal loops, although such findings may also be present in n gioiw'^ 
ileibs and after subsidence of a nonspeafic pentoaibs 
The signs in the cecum as stated by Hare, are an ulcer craU r ys 
sistent irregularity of the cecum continued spasm of the ih-c/^-c- 
yalye, persistent mottling at the time of rec:rarmnation, loss of * f 
tral markings, a funnel shaped cecum yyath annular swelling *f 
yyall at the valvula, and narrowing, relabye ngidity and Ion/,, z' „ 
shnyehng of the cecum and ascending colon 
The differenbal diagnosis between a case of hiberculou nc-i 
one of regional ileibs is roentgenoloacally difficult Tlie “tl* - 
so aptly described by hantor, is of definite value hut d Z*- 
IS often impossible 

Carcinoma of the cecum also presents many perpli ju ^ 
m roentgenologic diagnosis and somebmes cannot l>» -o*-; 
from tuberculosis If the terminal ileum is imolved j n.,.' 
presumph\e eyadence that the lesion is tuberculous r^i,, 
b\e colitis may also be confused yyath a biberculju ^ iT 

worth while aid is that the former disease imolvcs cLk 

and recbim If it occurs m the segmental locah/.»-'’ u " 
diagnosis frequentl> cannot be made 

SUItCICAL TREATyIE^T 

The folloyyang obsery ahons are based upo* ti ^ 
gicallj treated cases ^ 
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1 Tuberculous Fecal Fistula —Four patients had tuberculous le 
sions in the sigmoid with abdoimnal wall fistulas m which closure was 
attempted by enfolding the bowel perforation with two layers of in 
verting sutures 

In the first case primary closure of multiple sigmoidal fistulas was 
done without diversion of the fecal stream The fistulas recurred and 
when It became necessary to do a colostomy tuberculosis was found 
to be present in the transverse colon At the conclusion of a senes of 
operations over a six year period a fecal fistula was still present and 
the tuberculous process had extended to involve the entire colon 
This case is illusbative of the fact that tuberculous fistulas from the 
bowel can rarely be closed in the presence of active infection and 
without proximal diversion of the fecal stream 

In the second case two fistulas were closed and a proximal Mikulicz 
type colostomy done Healing occurred and there was systemic im 
provement The colostomy was closed six months later but failed to 
heal New fistulas developed and there was extension of intestmal 
tuberculosis A second colostomy was done but the sinuses failed to 
heal and three and one half jears after the initial operation the 
patient continued to have draining abdominal sinuses and her entire 
colon appeared to be involved If one is successful m obtaining closure 
of a tuberculous fistula after a proximal colostomy the diversion of 
the fecal stream should probably be maintained for at least a year 
and preferably for two years after apparent healing lest the sinuses 
reopen or new ones form at the site of colostomy closure 

In the third case a persistent draining sinus following an appen 
dectomy was but one indicahon of active tuberculosis involving the 
Sigmoid fallopian tubes ovaries and colon There was clinical im 
provement after resection of a tubo ovarian abscess closure of a 
sigmoidal fistula and establishment of an ileostomy Three months 
later the ileostomy was closed Drainage persisted from the laparot 
omy scar and eight years after the initial examination evidence of 
tuberculous colitis still was present We believe that this case demon 
strates both adequate and inadequate therapy The removal of the 
infected pelvic mass mto which fecal material was drainmg and 
diversion of the fecal stream by an ileostomy were essential steps m 
saving the patient s life and her unfavorable course was changed to 
one of clinical improvement Closure of the ileostomy after three 
months however disregarded the principle of prolonged rest for the 
involved organ which m reality provides the most effective therapy 
known for an active tuberculous infection wherever situated in the 
body One or two years of sanatorium type care before closure ot 
the ileostomy might have increased the likelihood of arrestmg the 
tuberculous colitis , 

In the fourth case a locahzed tuberculous entenbs of the sigmoi 
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had perforated into a tubo ovarian mass The sigmoidal fistula was 
closed The pelvic mass, which included the uterus, tubes and o\ aries, 
was resected, and a Mikulicz type colostomy was formed in the 
transverse colon The colostomy was closed ten montlis later and the 
patient has been well for three years It should be noted, however, 
that the sigmoidal lesion was an isolated one in respect to the colon, 
that the secondarily infected pelvic mass was removed, and that 
almost a year of rest was allowed the sigmoid before the colostomy 
was closed It is this type of case, approximately so managed, in 
which one may expect the best results following closure of a tuber- 
culous fecal fistula 

2 Tuberculosis of Heum and Right Half of Colon.— Seven pa- 
tients had tuberculous lesions of variable type with m\ olvement of the 
terminal ileum, cecum, ascending colon or hepatic flexure In these, 
a resection of the terminal ileum and right half of the colon was done 
with the formation of an ileotransverse colostomy, according to the 
Mikulicz plan By this technic the ileum and transverse colon are 
brought out together through the abdominal wall as a double barreled 
colostomy, and a long intra abdominal approximation is secured by 
suturing the ileum to the transverse colon with two layers of inter- 
rupted sutures At a later date, usually six to eight weeks, a secondary 
extraperitoneal closure of the colostomy is done after the intervening 
spur has been divided 

In the first case, a woman of 53 years, tuberculous entenbs limited 
to the terminal ileum and ascending colon was resected The opera- 
tion was done with the knowledge of coexisting minimal but active 
tuberculosis of the lung, because a diagnosis of carcinoma of the 
right colon could not be excluded The abdominal tuberculosis was 
apparently eliminated and there was no further trouble after closure 
of the colostomy two months after the resection Progression of the 
pulmonary lesion, however, required admission to a sanatorium for 
treatment As a matter of principle, operation for intestinal tuber- 
culosis should not be undertaken when there is an active pulmonary 
infection except when mandatory because of obstruction, internal 
perforation or likelihood of carcinoma 
In the second case, a woman of 60 years, a resection was unques- 
tionably indicated because of parUal chronic obstruction from an 
inflammatory mass involving the terminal ileum, cecum and ascend- 
ing colon, with stricture formation at the hepatic flexure Here again, 
carcinoma could not be excluded prior to pathologic examination of 
the specimen The pathologic change demonstrated was that com- 
monly ericountered m a hyperplasUc, slenosing, tuberculous lesion 
namely, destruction and distortion of the submucosa and musculans 
by a chronic inflammatory process of low grade and accompanied by 
much thickening Two months later the ileocoloslomy was closed 
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IS rarely successful One errs in judgment in attempting to resect 
exudative tuberculous lesions Only disappointment and recurrence 
should be expected if function is restored tlirough an anastomosis 
made in tissues mxoUed in this phase of tuberculosis Two altema 
bves are suggested The first is sanatorium treatment unUl the infec 
tion IS quiescent when there is not a contraindicatory situation The 
contraindications to postponement of operation are, as prexTousIy men 
tioned, obstruction internal perforation and inability reasonably to 
distinguish the lesion from carcinoma The second alternative is re 
section but maintenance of a colostomy for a long penod 
In a seventh case a woman of 49 jears, an obstructing mass m the 
cecum accompanied by a marhed inflammatory reaction m the mes 
entery of the cecum and ileum was found Pathologic examination 
proved both adenocarcinoma and tuberculosis to be present The 
colostomy was closed three months later The wound healed and the 
anastomosis remained patent, but she died two and a half years later 
of carcinomatosis 

This case is included as proof that both tuberculosis and carcinoma 
can occur in the cecum simultaneously 
3 Tuberculous Lesions Treated by Primar> Anastomosis —This 
type of operation was done m 7 cases 
In the first case, death occurred from peritonitis on the third post 
operative day following resection of the terminal ileum ascending 
and proximal transverse colon and formation of an internal ileo 
transverse colostomy 

In the second case a similar operation was done for what was 
thought to be a large carcinoma of the cecum and the correct diag 
nosis of tuberculosis was not established until the specimen was ex 
amined pathologically The course dunng the very short follow up 
penod since operation in December 19-45 has been entirely satis 
factory 

In a third case an attempt was made to relieve obstruction caused 
by multiple ileal and cecal strictures in a patient with tuberculous 
peritonitis by establishment of on ileotransverse colostomy Death 
occurred on the twelfth postoperative day from ileus and diffuse 
bronchopneumonia The surgical procedure performed was based 
more upon hope than expectation of benefit in a very sick patient 
with mechanical intestinal obstrucUon as only one of the multiple 
disease processes 

In a fourth case an ileocolostomy was done to by pass ulcerative 
obstructing tuberculous lesions jn the ileum and cecum The wound 
healed by primary union and the obstrucUon was relieved but death 
occurred from the disease a few months later The paUiative object 
For which the operation was done was accomplished 

In a fifth case a tumor mass m the jejunum was resected and a 
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Side to Side anastomosis done to relieve intermittent mtussusception 
and obstruction The proper diagnosis was not suspected until evam 
mation of the specimen revealed tuberculosis extending to the re 
sected lymph nodes The wound healed by primary union The follow 
up extended through only one year but there was no evidence of 
recurrence durmg that period 

Tliere are many who believe that a side tracking operation for this 
type of tuberculous lesion is preferable to resection but m this in 
stance the diagnosis was thought to be tliat of tumor until the lesion 
was removed and sectioned 

In a sLxth case obstruction was caused by one of slx fibrotic an 
nular lesions in the ileum which had healed under a regimen of 
sanatorium care The obstructing lesion only was resected and a 
primary side to side anastomosis of the ileum was done After an 
additional year m the sanatorium the patient was discharged m good 
health This case represents the ideal tj-pe of care for intestinal tuber 
culosis namely strict sanatorium care surgery only for a specific in 
dication such as mechanical obstruction and return to the sanatorium 
for further treatment 

In a se\ enth case the right half of the colon and all but 5 feet of 
the small intestine were resected for tuberculous ileitis and lymph 
nodes witli numerous skip areas At the time of operation the diag 
nosis was thought to be regional ileilis but tuberculosis was consd 
ered also because of an old inactive pulmonary lesion and because of 
numerous enlarged nodes m the intestinal mesentery In July 1915 
the jejunum was connected to the transverse colon by on end to end 
anastomosis Convalescence was satisfactory and no fistula de\ eloped 
It is only eight months since the operation but the patient has gamed 
weight and is feeling well The only symptom is that of four bowel 
movements daily 

4 Miscellaneous Cases —In one case a very painful infected mass 
caused by perforation of tuberculous diverticulitis into the sigmoid 
was resected and a colostomy established The distal bowel end was 
dropped beneath the pelvic floor and the presacnl space was dramed 
through the perineum The rectum was not removed because of 
marked carefne enfargement and decompensation The pain was 
lieved Perineal drainage persisted two years later when the patient 
was last seen Tlie colostomy functioned well and the patient was 
grateful for the relief he had received 
In another case not treated surgically a tuberculous ulcer 4 by 3 
cm situated just within the anal sphincter was present when the 
patient was first examined in 1942 The diagnosis was proved by 
biopsy Roentgenologic study of the chest and the upper and 
intestinal tract was negative for tuberculosis except for the isolateo 
ulcer Treatment consisted of a bland low residue diet vitamins an 
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est. In 1945, proctoscopic examination revealed the ulcer still to be 
iresent and active, but some diminution in size had occiured. The 
patient had regained her original weight and was ha\'ing one bowel 
novement daily. No stricture had formed. Tlie case is of interest be- 
lause the ulcer could be obsei^’ed visually and because it illustrates 
the chronicity of tuberculous ulceration in the functioning bowel. A 
proximal defunctioning colostomy would seem advisable in su(ii a 
case. 

SUJniARY 

In a series of 19 surgically treated cases with a variety of intes- 
tinal tuberculous lesions, abdominal fistulas were closed in 4 cases, 
witli recurrence in 3 and the closure was maintained for at least three 
and a half years in the fourth. Resection of the right colon Nvitb the 
formation of a Mikulicz ileotransverse colostomy and secondary clo- 
sure was done in 7 cases. In 1, there was coe.xisting adenocarcinoma 
of the cecum. This patient died two and a half years later of car- 
cinomatosis. Four patients apparently were well from nine months to 
three and a half years later. In 1 case the intestinal tuberculosis was 
eliminated but the pulmonary disease progressed. In 1 case there was 
recurrence and death four years following the initial operation. Re- 
section of the right colon wth primary ileocolic anastomosis was 
accomplished in 3 cases, with a postoperative death in 1 and a satis- 
factory result of three months and of eight months' duration in 2 
cases at the time of writing this report. There were two resections of 
segments of small bowel \\nth primary anastomosis, \\ith recession of 
symptoms for one year. Two side-tracldng ileotransverse colostomies 
were done, followed by a hospital death after twelve days in 1 and 
by death after nine months in the other. There was one resection of 
the sigmoid and a painful associated abscess, with the formation of a 
permanent colostomy. This patient has maintained a draining perineal 
sinus for two years, but has been relieved of pain. 

CONCLUSIONS 

1. Tuberculous fistulas can rarely be successfully closed in the 
presence of active intestinal tuberculosis. A diversionar>’ colostomy 
should be maintained until the tuberculous process has been quies- 
cent for at least a year. 

2. Resection of the riglit colon affords greater prospect of cure in 
the hyperplasUc, stenosing t>pe of tuberculosis than in the active, 
ulcerative t>pe. 

3. In cases in which there is difficulty in ascertaining the extent of 
Uie lesion in tuberculosis of the right colon, an ileotransv’erse colos- 
tomy of the Mikulicz t>pe, u'ith secondary closure, would seem to be 
attended by less risk than a primary anastomosis. 
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4 Patients who have an active pulmonary lesion should have arrest 
of this lesion before abdominal operation for intestinal tuberculosis is 
undertaken Exceptions to this statement are found in cases of acute 
obstruction, internal perforation and masses indistinguishable from 
carcinoma 

5 Intestinal tuberculosis may be present without demonstrable pul 
monary disease 

6 The barium enema offers the greatest aid in the diagnosis of 
intestinal tuberculosis 
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IMUUIES OF THE COLON AND KECTUJl 
Bepjtley P Colcocj., 

Although relati\ely infrequent m peace tune, gunshot wounds of 
the colon do occur, just as the colon is occasionally injured in stab 
wounds of the abdomen Not infrequently, the colon is lacerated in 
nonpenetrating injuries associated with automohde and other types of 
accident Lacerations of the bowel may be multiple and extensive 
when \ehicles collide at high speed even thougli the external evi 
deuce of violence is lunited to ecchymosis o! the abdominal wall or 
bach Regardless of the cause of the injury, an opening m the colon 
potiring fecal contents into the peritoneal cavity represents a very 
senous problem from the standpomt of mortality and morbidity 
Marked progress toward decreasing the morbidity and mortality 
assQCUited with wounds of the colon was made dunng the recent war 
It seems reasonable that some of the lessons learned may profitably 
be applied to the treatment of similar mjunes encountered in peace 
time Accordingly, an expenence with 120 patients with perforating 
wounds of the colon or rectum admitted to a general hospital m &e 
Mediterrmean Theater of Operations will be briefly reviewed This 
group of patients will be reported in detail elsewhere 
It is generally accepted that m patients with lacerating or perforat 
mg wounds of the abdommal wall, if explorauon and debridement 
of the wound mdicate that the peritoneal cavity has been entered, 
hparotomy and thorough examination of the abdominal viscera are 
imperative In this connection it must be remembered that the pent 
oneal cavity may be entered, and pentoneal viscera injured, in pa 
tienfs with wounds of the chest, back, perineum or buttocks 
Tlie diagnosis of mtra abdommal injury may be particularly diffi 
cult m patients who present no external wounds, such as mav occur 
m automobile accidents or m falls from a height The violent impact 
upon the body which occurs in these accidents may lacerate the 
entire circumference of the small or large bowel, with minimal evj 
(fence of injury to the surface of the abdomen On the other hand, 
extensive retroperitoneal hemorrhage occasionally associated with such 
accidents may result m fever, abdominal pam and rigidity of the 
abdominal wall closely simulating the picture of mtra abdommal in 
jurj' Tlie latter condition is, of course, treated conservatively, yet to 
treat these patients conservatively places considerable responsibility 
on (he surgeon, for if faceraUons of the small bowel and particularh 
of the colon are present, the result of conservative treatment is usually 
disastrous He must also remember that because of the solid nature of 
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the colonic content, particularly on the left side, the physical findings 
in such cases may be entirely localized during the first few hours 
when the opportunity for successful operative treatment is greatest. 

The decrease in mortabty and in morbidity associated with wounds 
of the colon during the latter stages of World War II is due largely 
to three factors first, the use of blood m amounts which a few jears 
ago would ha\e been considered excessive Not infrequently, 3000 to 
4000 cc of blood was necessary to prepare these patients and cany 
them through their operative procedures The second factor is the 
widespread use of sulfonamide compounds and penicillm both intra 
peritoneally and parenterally Although many questions concerning 
the use and method of use of chemotherapeutic agents for perforating 
wounds of the abdominal viscera ha\e yet to be answered, these 
drugs unquestionably ha%e sa\ed many patients who formerly would 
have died of peritonitis Last but not least a large part of the credit 
is directly attributable to the skill and experience of the surgeons re- 
sponsible for the primary surgical treatment of these patients 

Three fundamental principles roust be kept in mind in the treat 
ment of any wound of the colon First, it must be handled in a man 
ner that further leakage of intestinal content into the peritoneal cant) 
IS prevented Second, the treatment of the perforation must not result 
in any marked impairment of the bowel lumen Third the operative 
procedure should add as little as possible to the shock that the patient 
has already experienced as a result of his injury 

For small wounds of the anterolateral wall of the cecum, mobiliza 
tion of the cecum and exteriorization of the injured area as a cecos 
tomy IS a quick and safe method of handling the perforaUon Later 
the cecostomy may be closed by a minor extrapentoneal procedure 
If the wound is in an area of the cecum not easily exteriorized, it 
may be closed by two rows of sutures and the bowel decompressed 
by exteriorizing a segment of the anterolateral wall as a cecostom) 
A wound m the region of the ilcocecil valve may be treated m the 
same manner provided it can be closed without impaument of the 
lumen of the terminal ileum 

If the damage to the right colon is so extensive tliat resection of 
the injured segment is the only feasible course the operating tune 
may be shortened and the hazards of a primary anastomosis m an 
unprepared colon avoided by exteriorizing the uninjured colon 
terminal ileum as a double barrel ileocolostomy Six patients m tto 
group were treated in this manner In each case the clamping of the 
spur was begun within ten days following their injury and all were 
evacuated to the United States within six weeks with their infestmaJ 
contmmty restored and with well healed abdominal walls fofiov^g 
extrapentoneal closure of their ileocolostomies The closure of then 
Mikulicz colostomy is well described elsewhere m this volume SmaU 
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wounds of the remainder of the colon, particularly if they involve the 
antimesenteric border of the bowel, may be closed by primary suture 
or the injured segment of bowel may be exteriorized as a loop colos- 
tomy. If there is any question as to the security of the closure, such 
as may occur with wounds of the mesenteric border, the principle of 
exteriorization is considerably safer. The value of this principle was 
shown over and over again during the recent war and must be cred- 
ited with a large share in the reduction of mortality over that for 
wounds of the colon in World War 1. 

If the laceration is large or the bowel is divided in order to secure 
a satisfactory colostomy, as will be necessary in cases with severe 
wounds of the mesenteric border, subsequent restoration of intestinal 
continuity will be rendered much simpler and safer if the antimesen- 
teric borders are approximated to form a double barrel spur. Closure 
of the colostomy by end-to-end anastomosis, which will be necessary 
if a Mikulicz spur is not formed, is associated with considerably more 
hazard than an extraperitoneal closure, particularly if the operator’s 
experience in colon surgery is limited. Regardless of which type of 
colostomy is performed, it should be emphasized here that if a seg- 
ment of colon Is to be exteriorized, it must be exteriorized without 
tension. If the exteriorized bowel is brought above the surface of the 
skin under tension, it will inevitably retract, and the morbidity if not 
the mortality will be increased. Exteriorization without tension as well 
as the formation of a spur of sufficient length, is dependent upon the 
initial adequate mobilization of the bowel. The importance of this 
step in the treatment of injuries of the colon cannot be overempha- 
sized. The method of mobilization and the formation of the Mikulicz 
spur have been described in a previous volume.^ 

There are two fundamental principles in the treatment of injuries 
to the rectum. First is the establishment of a proxiiDa] cohstomy and 
the second is adequate drainage of die contaminated perirectal tis- 
sues. The sigmoid colon is easily mobilized and a loop or double 
barrel colostomy may be readily constructed at this site. If the rectal 
wound is large or is associated with other injuries such as a com- 
pound fracture of the sacrum which may prolong the healing of the 
perirectal wound, it is preferable to divide the bowel completely and 
to form a Mikulicz spur. The amount of feces which may spill over 
with this t>'pe of colostomy is negligible. On the other hand, it will 
defunctionalize the rectum for as long as may be necessary and intes- 
tinal continuity may be later restored by a relatively minor extra- 
peritoneal procedure. A loop colostomy with an opening on the anti- 
mesentcric surface may be used to decompress the bowel if one is 
concerned about the safety of primary closure of a laceration in the 
rectosigmoid, but it will not keep feces out of the distal rectal sec- 
ment, particularly when a slo^vly healing rectal wound necessitates 
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the presence of the colostomy beyond four or five weeks In this 
group of patients there was an almost unanimous tendency for the 
loop colostomy to retract after this time permitting more and more 
feces to spill over into the rectum This occurred in 8 out of 9 
cases of this type and m 7 it was necessary to divide the bowel com 
pletely and reconstruct the colostomy to secure healing of the recta! 
wound 

The contammated perirectal tissues in the neighborhood of the 
rectal wound must be adequately drained either through the penn 
eal wound if such is present or by an incision in this area earned 
down through the fascia propna bejond the tip of the coccyx Usu 
ally this can be done without removing the coccyx If the coccyx can 
be left in these patients are much less likely to develop a persistent 
sinus in this region and they subsequently will have less discomfort 
on silting than those patients in whom the coccyx has been removed 
No instance of persistent suppuration was found in this group be 
cause of insufficient drainage due to leaving the coccyx intact Three 
out of 4 patients m whom the coccyx was excised had a persisting 
sinus leading down to bone lasting three to four months following 
their injury The perineal wound m the fourth patient healed satis 
factorily but the lower end of the saemm remained prominent and 
tender 

There were 4 deaths in this group of 120 patients One patient died 
of a pulmonary embolus the second died of multiple abdominal ab 
scesses following the retraction of his cecostomy a third died of an 
exsanguinating hemorrhage from a divided gastroduodenal artery 
and the fourth from persistent suppuration m the retroperitoneal tis 
sues which failed to respond to surgical drainage and chemotherapy 

Wounds of the colon fortunately are infrequent in peace time 
When they do occur they have been associated with the same serious 
prognosis as they were following battle injuries but I believe that 
the experience gained during the recent conflict can lead to a similar 
reduction in the mortality and morbidity associated with peace time 
injuries of the large bowel 
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RENAL FUNCTION AND MAJOR SURGERY 

Rosemary A Munpin and Lewis M Hubxtiial 

More emphasis m preopcralive studies should be placed on the 
evaluation of renal function At the present time there are available 
numerous procedures which aid in the determination of the state of 
renal function Some are so elaborate that they require considerable 
time in the hospital before results can be e\aluated It is obvious 
that many of these tests are unsuitable for use m tlie routme pre- 
operative studies Nevertheless, an attempt should be made to deter- 
mine renal function since poor function is a factor m the choice of 
the anesthebc agent, it limits the extent of the surgical procedure 
that can safelj be undertaken, and is an added hazard m the pres- 
ence of depression of blood pressure from anesthesia, hemorrhage or 
peripheral collapse Furthermore, it restricts to a certain extent the 
use of sulfonamide drugs, and necessitates that care be exercised m 
the administration of fluids and electrolytes 

ESSENTIAL PREOPEIUTDE STUDIES AND THEIR SIGNIFICANCE 
Although it IS not practical to do intricate renal studies preopera- 
tiv ely, it IS possible to establish a routine of simple procedures which 
can be done in any hospital The first step is to obtain a good history 
Information should be obtained concerning nocturia, polyuria and 
hematurn A previous history of scarlet fever, frequent streptococcal 
infections, episodes of edema, known instances of nephritis or pyelo- 
nephritis, or toxemias of pregnancy should be specifically sought for 
The physical examination may offer little information However, the 
presence of hypertension and changes in the optic fundi may suggest 
reml disease, while the characteristic pallor and edema may be an 
indication of severe renal insufficiency 
From the pomt of view of laboratory investigation two procedures 
should always be done (1) a urinalysis consisting of tlie determina- 
tion of the specific gravity, qualitative estimation of albumin and 
sugar, and an examination of a centrifuged sediment for the pres 
ence of erythrocytes and casts, and (2) a determination of the blood 
nonprotem nitrogen 

The determination of the specific gravity is of great importance 
If high, the possibihty of diabetes mellitus or severe dehydration 
must be considered and, if present, controlled by appropriate meas 
ures If low, it may or may not be significant It becomes necessary 
however, to determine whether the specific gravity is low persistentlV 
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or only occasionally as the kidneys perform the function of dilution 
The simple procedure of limiting fluids for a twelve-hour ovemi^t 
period and determining the specific gravity of the first morning spea 
men is of great help If the latter 15 not 1 020 or greater it is sug 
gestive of a diminished concentrabng abihty In such a case it may 
become necessary to resort to more elaborate concentration, and dilu 
tion tests to estabhsh the margin of safety in renal tubular function 
A simple test is the measurement of the concentrating ability after 
tlie subcutaneous injection of 0 5 cc of pituitrin Follo\ving injection, 
urine specimens are collected every thirty minutes for at least three 
hours A specific gravity of 1 020 or greater is obtained if renal func- 
tion is normal 

Albuminuria, if of considerable degree, suggests intrinsic renal dis 
ease If of slight degree, it may have no significance and its evalua 
tion depends to a great extent upon the associated findings The pies 
ence of red blood cells and granular or cellular casts in considerable 
numbers points to active renal disease and necessitates a careful in 
vestigation of the patient 

The second most important laboratory procedure is the determina 
tion of the blood nonprotem nitrogen It should be remembered that 
an elevation of the nonprotem nitrogen does not necessarily indicate 
irreversible renal insufficiency Shock gastrointestinal hemorrhage 
diabetic acidosis congestive heart failure, severe hver disease, and 
dehydration from any cause may increase the nonprotem nitrogen 
On the other hand, an elevated nonprotem nitrogen level may be the 
sign of an impaired glomerular filtration If the elevation is caused by 
one of the former conditions it is important that appropriate measures 
be instituted to correct them before any surgical procedure is under 
taken The surgical risk in sucli cases avill be determmed largely by 
the nature of the underlying disease If the increase is renal in origin 
the operative risk is obviously increased and the extent of surgical 
manipulations is markedly limited in degree 

In an occasional patient it may be desirable to undertake further 
studies before the renal status is clearly e% aluated For tins purpose, 
two additional tests are readily available, namely, the phenolsul 
fonphthalem excretion test (a measure of tubular function) and the 
urea clearance test (a measure of renal blood flow) Several methoas 
are m use for the phenolsulfonphthalein excretion test, but the most 
informative is that in which the dye is given intravenously and urine 
specimens collected at short intervals of time (the so called fraction 
intravenous method) Getlam technical errors must be avoided An 
adequate urinary output must be insured by having the patient arm 
600 cc of water before the dye is injected The bladder should ^ 
emptied before the test is begun and if there is any question that the 
patient is unable to empty the bladder completely or has difficulty m 
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voiding in bed, a catbeter should he passed and retained until the 
test IS completed Specimens should be collected fifteen and thirty 
mmutes after the dye is injected Ordinarily normal subjects tend to 
excrete a large proportion of the dye in the early specimens (30 to 
50 per cent in the fifteen minute specimen and 15 to 25 per cent in 
the thirty mmute specimen) ^vlth decreasing quanbties in tlie subse- 
quent ones, while individuals with impaired function usually excrete 
a small amount m the first urine and show little tendency to vary 
during the later periods 

The urea clearance test is less frequently used but often provides 
desirable information For this test it is necessary that the laboratory 
be equipped to determine blood and urine urea One sample of blood 
and tivo specimens of urine are required This test determines the 
volume of blood cleared of urea m one minute Depending upon the 
rate of urine excretion tlie result is expressed as the standard or 
maximal clearance The standard value is the volume of blood cleared 
of urea when the urinary flow is at a rate of 2 cc or less per minute 
and the maximal that in which urine excretion exceeds 2 cc per 
minute In the former (standard clearance), values between 40 and 
65 cc are considered normal and in the latter, 60 to 100 cc As a 
measure of renal impairment this test is more sensitive than the 
phenolsulfonphthalein test and, if available, is to be preferred 
Briefly, it may be stated that if a patient can concentrate urine to 
1 020 and has a normal blood nonprotein nitrogen level he is a good 
operative risk from the point of vie\v of his renal status, and further 
studies of kidney function are unnecessary.* 


RELATIONSHIP OF RENAL FUNCTION TO THE CHOICE OF 
ANESTHETIC ACENT 

Certain anesthetic agents have a depressant effect upon renal func- 
tion The use of such agents in the presence of renal insufficiency, 
whedier compensated or decompensated, greatly decreases the mar- 
gm of safety Ether decreases urine formation which, in some cases, 
may progress to anuna Chloroform, also, may cause suppression of 
unne formation Vinyl ether and tnchlorethylene should be avoided 
m cases with diminished renal funcUon Cyclopropane causes a tem- 
porary reduction in renal activity but may be the drug of choice 
Avertin, which has a ^vlde margin of safety in the presence of normal 
renal function, loses this margin in the presence of impaired function 
and should be avoided 

In the postoperaU\e care of patients ,t is Nvise to use barbiturates 
caubously, if at all, m patients with diminished function The lone- 
acling drags, such as barbital and phenobarbital, ate largely excreted 
m the urine, and if secretion of the latter is diminished sufficient 
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retention of the usual doses of these drugs may occur to cause severe 
depression or intoxication 

The use of spinal anesthesia as such is relatively safe m the pres 
ence of impaired renal function However the fall in blood pressure 
associated with the use of spinal anesthesia may be dangerous since 
the diminution in filtration pressure superimposed upon already dam 
aged kidneys may cause decompensation of renal function that is 
potentially irrexersible Every attempt should be made to maintain 
the sjstolic blood pressure at 100 mm or above at all times and 
vigorous methods should be instituted rapidly to counteract any fall 
in pressure below this level 

RELATIO>SinP OF RENAL FUNCTION TO PREOI’ERATIVE 
PREPARATION 

For a rapid routine preoperativc evaluation patients may be di 
vided into four groups (1) those with a normal nonprotein nitrogen 
and normal concentrating ability (2) those with an elevated non 
protein nitrogen and a high unnar) specific gravity (3) those with an 
elevated nonprotein nitrogen and a low relatively fixed specific grav 
ity and (4) those watli a normal nonprotem nitrogen and an unpaired 
concentrating ability 

The patients m the first group may be considered to have normal 
lenal function and need not concern us further In considering the 
second group if an acute nephritis is ruled out it is safe to assume 
that the disturbance is extrarenal in origin Vomiting diarrhea hemot 
rhage shock acidosis alkalosis or severe infection may be respon 
sible The exact etiology must be determined by a coordination of 
the clinical picture and the results of further la^ratory procedures 
such as blood hematocrit and leukocyte count blood sugar chlondes 
and carbon dioxide combining power and serum proteins and albu 
mm globulin ratio 

If the patient falls in the third group it is logical to assume that 
he has intrinsic renal disease alone or complicated by extrarenal 
factors and is therefore a poor operative risk In these individuals it 
IS important to attempt by the appropriate administration of fluids to 
lower the nonprotem nitrogen to normal or to a fixed level before anj 
surgical procedure is contemplated The extent to which this is po* 
sible will determine the magnitude of the surgical procedures vvfiicn 
may be undertaken . 

Patients in the fourth group are only fair operative risks Surgica 
procedures m such patients should be undertaken with the realizabon 
that their kidneys are able to withstand few insults Fluctuations m 
blood pressure and water and electrolyte balance which cause revers 
ible disturbances in the presence of normal renal function may rap 
idly lead to an irreversible state in this group 
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RELATIONSHIP OF RENAL FUNCTION TO POSTOPERATIVE 
COMPLICATIONS 

One of the essential features of the postoperative care of a surgical 
patient is the maintenance of an adequate urinary output determined 
by an accurate daily measurement Tor a patient with normal renal 
function it has been estimated that nitrogen retention will occur if 
the urinary output is less than 600 cc m a twenty-four hour period 
It IS wise, however, to supply sufficient fluid to maintain an output 
of 1000 to 1500 cc In those patients whose ability to concentrate 
urme is impaired, the quantity of urine necessary to prevent nitrogen 
retention is correspondingly elevated When the specific gra\ity is 
fixed at a low level, a urinary excretion as high as 2000 to 3000 cc 
daily may be required Consequently, it is extremely important that 
a preoperative evaluation of the renal concentrating ability be deter- 
mined in order to establish a standard for the postoperative urinary 
output 

A second factor of importance is the ability of the kidneys to han- 
dle saline solutions given in the early postoperative penod In the 
presence of normally functioning kidneys and an adequate protein 
intake, the admmistration of saline solutions seldom becomes a prob 
lem Even \vith normal function, however, lack of protein diminishes 
the tolerance for saline The haphazard administration of saline solu- 
tions in the presence of impaired renal function adds a burden which 
the kidneys are unable to meet, edema and m some cases dangerous 
oliguria or anuna may result 

It cannot be emphasized too frequently that patients with impaired 
renal function are exceedingly sensitive to extrarenal influences Hypo 
tension, dehydration from vomiting, diarrhea, or draining fistulas, dis 
turbances of acid base equilibrium, and infection are very poorly tol 
crated and may rapidly change a compensated to a decompensated 
renal insufficiency 

RELATIONSHIP OF RENAL FUNCTION TO THE ADMINISTRATION 
OF SULFONAMIDES 

It often IS valuable to prescribe one of the sulfonamide drugs pro- 
phylactically or therapeutically dunng the postoperative penod The 
indiscriminate use of such drugs, particularly m elderly individuals 
with impaired renal function, may lead to disastrous results Conse 
quently, it is of greatest importance to know the renal status in any 
individual to whom such drugs are likely to be administered ThrCe 
important points should be kept in mind First, if a patient has shown 
evidence of renal decompensation, even if this has been corrected 
^or to operation sulfonamides should be given with great caution 
The imbal dose should be somewhat lower than that usinlly nre 
scribed (probably about 2 or at most 3 gm ) and subsequent doses 
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not more than 1 gm every six hours Fluids should be administered 
in sufEcient quantity to provide a urfaary output of 1500 to 2000 cc 
daily Sulfonamide levels nonjHotein nitrogen and a urinaiy sediment 
should be checked daily in order that the dose may be varied or the 
drug discontinued before any complications develop Second similar 
precautions should be taken in any pilient whose renal concentrating 
ability is impaired even if no renal insufficiency his been present 
Third the simultineous administration of sodium bicarbonate to es 
hance the solubility of the sulfonamides probably is un^vise m the 
presence of diminished renal function 

Until streptom>cjn or some similar antibiotic becomes readily avail 
able for control of infections which do not respond to penieilhr it 
will be necessary to use sulfonamides in certain patients with sub- 
normal renal function Whenever this becomes necessary it is essen 
tial to realize that they must be administered with caution if senous 
renal complications arc to be avoided 

RELATIONSHIP OF RENAL FXJNCTION TO THE CHOICE 
OF OPERATION 

The presence of diminished renal function places a great respoti' 
sibihty upon the surgeon in his deasion concerning the advisahlit) 
of operating or the extent of the operation to be undertaken An 
understanding of the functions of the kidnejs m the bodiiy economy 
and good clinical judgment arc essenbal and must be used in evalua 
tion of the surgical risk of each patient 

Emergency md elective surgery present somewhat different prob- 
lems In the former decisions must be made quickly, time for inv« 
tigation is limited and the condition of the patient often is someivbi^ 
precarious Nevertheless it is under just these circumstances that an 
accurate evaluation of the siluabon is most important Here more 
than at any other time fho necessity for distinguishing cvtrarenal 
from renal uremia is paramount The development of dehydratioa 
With its accompanying azotemia and acidosis may lead to a mucon 
cepbon of severe renal disease and a ^octsion not to operate while 
actually the correction of the pnmar\ disturbance by surgical means 
is an essential feature of the imnagement of the pabent In the afr 
sence of uremn no emergenc) surgical procedure is contraindicated 
The occurrence of acute appendicibs hydrops or empyema of the 
gallbladder perforation of a viscus or acute lotestmal ohstr«ctJC“ 
must be handled in these pabents as in those with normal renal func- 
tion In the presence of uremia the problem of emergency operation 
IS fraught with danger and the deewton rests upon a eomparisoa c 
the relative prognosis of tht renal condition and the associated o‘S 
ease If surgical intervention is chosra the operative procedures mu* 
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be restricted to the least manipulations compatible wth control of 
the situation. 

Elective surgical procedures are generally contraindicated in 
uremia. They may, however, be undertaken in patients who shoAv no 
evidence of renal decompensation. It is extremely important that the 
susceptibility of these patients to eitrarenal disturbances be kept con- 
stantly in mind- The decision concerning operation will depend upon 
the magnitude of the patient’s sjTnploms and the predicted outcome 
if surgical treatment is not undertaken. 

The ultimate decision of the surgeon in any case complicated b>* 
abnormal renal function must depend upon his evaluation of the 
prognosis of the renal and nonrenal disease, respectively. He must 
be cognizant of the limitations whidi renal impairment places upon 
the technics available to him. He must imderstand that no rigid niles- 
of-thumb can replace an understanding of the course of renal disease 
and a wise judgment arising from sound experience. 

SUiDURY 

The importance of determining the presence of decompensated 
renal insuffidenc>' preoperatively is obvious. No one would deny the 
limitations which uremia, e>'en of a mild degree, places upon the ex- 
tent of the surgical procedure that can safely be xmdert^en. Hmv- 
eN-er, the significance of determining the renal margin of safet>‘ is not 
so well appredaled. Too often major surgerj* is done in patients, not 
uremic, but impaired function as evidenced by an inabilit)- to 
concentrate urine. Such patients are not good operative risks. In them, 
operative and postoperative factors which cause temporarv* diminu- 
tion of renal function (anesthesia, bj-potension, anemia, vomiting, and 
so forth) are likely to establish an irTe\’ersible state and lead to a 
fatal outcome. 

^\'hiIe it is obrious that it is not practical to .do elaborate investiga- ' 
\ions of renal function preoperatively, it certainly is posable, as well 
as essential, to determine before any major operation is undertaken 
the blood nonprotein nitrogen Ie\-el as well as the concentrating abil- 
ity of the Iddnej-s. Unless this is done, the appropriate time for, as 
well as the proper extent of, surgical procedures cannot be deter- 
mined, nor can the postoperative hazards be antidpaled and appro- 
priately treated. 


RIAJOR SURGERY IN TUE ASTHMATIC PATIENT 


Habiuet D James, Rosemary A MunPire and 
Donald M Fo^VELL 

Asthmatics, like other people, are subject to diseases svhich neces 
sitate surgical intervention for their treatment In contrast to non 
asthmatics, however, these pabents pose certam problems which the 
surgeon must face at times before and often after he has performed 
his operabon He may hesitate to operate because of fear of an 
asthmatic attack or he may operate without an adequate understand 
mg of the comphcations to which asllimatics are subject or a knoMl 
edge of the metliods available for prevenbng or tentunabng an 
asthmabc attack 

This paper deals with the important features of asthma from the 
viewpoint of the surgeon and is based on the study and treatment of 
a senes of astlimatic patients who have been subjected to major sur 
gical procedures 

CXASSinCATIOS 

The asthmabc state is classified as bronchial asUima (allergic) and 
asthmabc bronchibs (mfecbous) This not only dilFerenbates two 
groups which have certam disbnctive etiologic differences, but «e 
feel that they also ha\ e a somewhat different prognosis w the face 
of surgical intervenbon 

The diagnosis of bronchial astlima is made m a patient wth a his 
tory of episodes of cough, dilBcuIty m breathing and wheeang res 
pirations which appear to have predominantly an allergic background. 
This may be indicated by evidence of a family history of allergic dis 
eases or the history of the patient may reveal previous or concomi 
tant allergic states such as vasomotor rhinitis, nasal pol>ps hay fe'W 
eczema, urbcaria and food allergies There may be kno%vn or strongh 
suspected precipitating factors 

The diagnosis of asthmabc bronchitis, on the other hand, is 
sen ed for those cases m which the allergic aspects are absent or 
less marked, and the available evidence suggests an mfecbous ong® 
These patients rften give a history that the imtia^ attm^ fcWo'xed an 
upper respiratory or pulmonary infecbon and that subsequent ep* 
sodes frequently were precipitated by similar conditions They 
ally are prone to respiratory infections and may constantly ha%e a 
low grade bronchitis Occasionally bronchiectasis is present The awr 
age patient with asthmabc bronchibs tends to fall into a some'' ^ 
older age group than does the pabent with bronchial asthma 
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TREATMENT OF AN ASTH^UTIC ATTACK 
Hospitabzation.— If operation is contemplated on a patient who is 
hiving asthmatic attacks, it is important to hospitalize him for treat 
ment of the asthma rather than to attempt to control the attack at 
home before hospitalization This provides many features of impor 
tance m the rapid control of the patient It removes him from his 
home surroundings which often contain many psychic and physical 
factors which act as precipitating agents The patient is placed m a 
quiet environment and rest can be imposed Visitors can be kept at 
a mmimum and tlie diet controlled Often it is possible to obtain an 
air conditioned, constant temperature room which tends to minimize 
such aggravating factors as dust and fluctuations in temperature and 
humidity 

Diet.— The diet should be easily digesbble and free from any foods 
proved or suspicious, to which the patient is sensitive If the attack 
IS severe, it may be a tax upon the patient’s endurance to attempt 
to eat regular sized meals In this case it is desirable to proaide him 
wth smaller and more frequent feedings 
Sedation.— Adequate sedation is of utmost importance If the pa 
tient has no idiosyncracy for the barbiturates, phenobarbital in doses 
of ^ to % gram three times daily with seconal, IV 2 grams, or nem 
butal, V/o grains, at night has been found to be satisfactory m most 
cases Chloral hydrate, 30 grams by rectum, is an alternate medica 
tion which provides satisfactory sedation at night 
Antiapaamodics.— Epmephnne (1 1000) may be used m doses of 4 
minims with great benefit Others have used larger doses but we feel 
that such doses may cause undesirable systemic eflects In certain cases 
epmephnne in oil may be used to prolong the effect Occasionally a 
patient may obtain relief from the inhalation of VI 00 epmephnne 
when he obtains poor results from injected epmephnne A \aluable 
drug to he used alone or in conjunction avith epmephnne is aminophyl 
line This can be given intravenously in doses of 3% grains to ly 
grains It should be administered very slowly "Rapid injection is often 
followed by a sense of giddiness, anarked apprehension, and palpita 
tion It may be given rectally in a small amount of water or in the form 
of a suppository We find that the combination of armnophylline and 
chloral hydrate given rectally at night often makes it possible for the 
patient to obtain a restful sleep Combinations of ephednne, pheno 
barbital and aminophylline m capsule or tablet form taken every three 
or four hours may control symptoms 
Expectorants —The bronchial secretions in asthmatics tend to be 
thick and tenacious Attempts to expectorate them are ineffective and 
exhaust the patient For this reason it is xvise to attempt to thin the 
secretions by the admmistration of potassium iodide or ammonium 
chlonde The former is given as 10 to 15 drops of a saturated solution 
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and the latter as 7^ to 15 grams (entenc coated tablets) three to 
four times daily 

Chemotherapy.— Tlie use of penicillin aerosol may be of consider 
able benefit espeaally m patients with asthmatic bronchitis A total 
of 100 000 units IS dissolved in 3 cc of normal saline solution 0 5 cc. 
of this solubon placed m a nebulizer which is attached m a circuit 
from an oxygen tank is inhaled six times daily The oxygen is given 
at a rate of 7 to 8 liters per minute Although this method of beatment 
does not effect permanent cures of the bronchial infection, it often 
gives marked temporary relief which may tide the patient over the 
operative period 


SPECIAL PRODLEMS RELATED TO ASTHMATICS 


Anesthesia —The choice of an anesthetic agent presents no difBcuIt 
problem m an asthmatic patient The criteria for the choice are essen 
bally the same as in nonasthmabcs There is no reason to feel that 
there is any danger inherent in the use of inhalabon anesthetics 
should these be considered desirable for the contemplated surgical 
procedure It is a well known fact that the admmisbation of ether 
by rectum often gives great rehef to a pabent who has become re 
fractory to other forms of therapy Similarly, ether by inhalation ^viII 
control an asthmatic episode 

With the induction of general anesthesia, the asthmabc attack comes 
under control at least for the period of the operation and frequently 
for a longer period of time Bronchial spasm is eliminated Secrebons 
may persist but these should present no greater problem to the 
anesthebst than the secrebons in a nonasthmatic pabent and m tum, 


they are treated m an identical manner 

Following the operation the responsibilibes of the anesthebst are 
(he same as for any patient An auavay must be maintained secretions 
must be kept thin and removed by periodic coughing or by sucbon if 


necessary 

Morphine —The use of morphine is contraindicated in pabents 
with bronchial asthma since it depresses respiration dimmishes or 
abohshes the cough reflex and causes bronclual consbicbon These 
effects superimposed upon the respiratory difficulty of an aslbmahc 
Jiai'e been known to lead to a fatal outcome In asthmabcs wth recent 
attacks or m whom there is danger of a postoperative exacerbabon, 
morphine should not be used either as a preoperabve medicabon or 
as a postoperative analgesic or sedative As a substitute for morphine 
the symthetie drug demerol may be used This drug has analgesia 
anhspasmodic and sedative properbes In contrast to morphine i 
has httle depressant effect upon the respiratory center and cause 
bronchial relaxation A dose of 100 mg is approximately 
to Ya gram of morphine Demerol may be used as an adjuvant in 
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treatment of the acute asthmatic attack as \\ ell as m the routine pre 
operative and postoperative medicabons 

Cough.— The presence of cough may be a senous difficulty m the 
postoperati\e penod The frequent, often mtraclable, spasmodic cough 
of a severe asthmatic would certainly be a great stram on fresh ma 
sions This IS one reason for the desirabihty of controUmg an asthmatic 
attack pnor to operation and prevenlmg recurrences during the post- 
operative penod Nevertheless, complete suppression of a cough, as 
by morphme, is as undesirable in an asthmatic as m a nonastbmahc. 
In either type of patient complete suppression of the cough reflet by 
heavy postoperative medication undoubtedly contnbutes m many m 
stances to the development of such comphcations as atelectasis and 
pneumonia Bronchial secretions should be kept fluid by the use of 
ammonium chloride or potassium iodide and the patient encouraged to 
cough \ ery moderately at regular mten als Attempts to prevent secre- 
tion b) the use of atropme are not wise since the presence of thick, 
tenacious sputum may lead to occlusion and atelectasis 
Chemotherapy.— The mtroduebon of specific chemotherapy added 
a valuable adjunct to the preoperabv e and postoperative care pnmanly 
of the pabent vvath asthmabc bron<hibs The increased suscepbbihty 
of these pabents to postoperabve atelectasis and pneumoma is ade- 
quate reason for the prophylacbc use of one of the sulfonamides or 
pemallin If one of the sulfonamides is chosen it is imperabve to 
determme by specific quesbomng whether the pabent at any previous 
tune has shown any sensibvity to the drug Full doses should be given 
for twenty four hours pnor to operabon in order that an adequate 
level be obtamed by the time the operabon is performed Pemcillin is 
easier to administer to the posloperabv e pabent and may be the drug 
of choice The length of time that the drugs should be continued must 
be determmed by the condition of the pabent 

If facihbes are available, the ideal scheme is to admmister penicilhn 
by mhalabon for two day's before operabon and then to conbnue it 
by mbamuscular mjection postoperabvely unbl the danger of mfeebon 
has passed 

POSTOPERATIVE COMPUCATlO>S 

The most important postoperabve compheabons m asthmabc pabents 
are (1) atelectasis, (2) pneumonia, and (3) acute asthmabc episodes 
Prophylaxis agamst these compheabons assumes considerable im- 
portance The postoperabve roulme of hourly hirmng of the pabent, 
deep breathing exercises, and regular but moderate coughing should 
ngidly be enforced 

Any elevabon of temperature or pulse, whether or not accompanied 
by an elevabon of respuabon, occumng wathm the first twenty four 
to forty eight hoius should be considered as suspiaous evidence of 
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atelectasis This should be checked immediately by roentgenologic 
examination of the chest and, if verified, bronchial aspiration should 
be considered Bronchial secretions should be stimulated by the oral 
or rectal administration of potassium iodide, and bronchial relaxahon 
induced by the subcutaneous administration of epinephrme PeniciUm 
u 

after the second day 

I ^ ^ pon an unrecognized 

patchy atelectasis The previously outlined therapy should be insh 
tuted including full doses of one of the sulfonamides or penicillin The 
occurrence of a severe asthmatic attack m the postoperative penod 
is a serious complication Every effort should bo made to prevent such 
episodes In severe asthmatics it may be wise to admimster aminophyl 
hne intravenously or rectally two or three limes daily prophylacbcally 
Careful observation should be made to detect early undue coughing 
or shght wheezing in order to institute therapy to abort a severe 
attack Should such an attack develop, every effort must be made to 
establish control as rapidly as possible 

Although all asthmatic patients should be carefully watched post 
operatively, particular caution should be exercised m the care of those 
considered to have asthmatic bronchitis In our senes of operative 
cases this group showed three times as many compbcations after opera 
bon as were seen m patients witli noninfectious bronchial asthma 

EBIERCENCY VERSUS ELECTIVE SURGERY 

Elecbve surgical procedures may be performed on almost all 
asthmatic patents Occasionally, patents are encountered m whom 
the disease is so extremely severe or of such long standing or m whom 
the psychic factors are so prominent that they are refractory to all 
forms of therapy In such cases the oslhmabc state becomes the prf" 
dominant disease and the surgical condition secondary In them any 
surgical procedure is extremely hazardous The greater number of 
asthmatics however, are suitable for elective operations Nevertheless 
in view of tlie elective nature of the operabon all such patients shom 
be controlled from tlie point of view of the pulmonary disease 
any surgical treatment is undertaken When this stipulation is carefuU) 
adhered to and when the surgeon is alert to the nature of the potenti 
postoperative complications and their greater incidence m the 
Uous group, the occurrence of untoward reacbons will be signmc^u^ y 
lowered 

Emergency operations present a more serious problem to the 
geon It is conceivable that a situation may arise in which time is 
a premium and any delay may lead to a fatal outcome Under 
circumstances heroic measures must be instituted to treat the , 
simultaneously by both medical and surgical means In situations su 
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as this, the coordinated teamworh of die surgeon and the internist is 
of the utmost importance and may determine the ultimate outcome 
The induction of general anesthesia may be the most important factor 
vn the immediate control of the asthmatic attack Subsequent to the 
operation care must be exercised to prevent a recurrence 
In many so called emergency operations a delay of one to several 
hours may not endanger the life of the patient During tins period the 
available therapies should be intelligently utilized Often it will be 
found that while the operative decision is being made and the surgical 
equipment set up, the asthmatic patient can be prepared for operation 
This time is extremely valuable and never should be wasted No harm 
comes to the patient if his asthma is controlled and the surgical opinion 
IS one of nonintervention while the opposite set of circumstances may 
change the course of events 


SUMMARY 

For the purposes of this paper, asthma is classified as (o) bronchial 
asthma denoting a predominantly allergic background, and (b) 
asthmatic bronchitis, mdicating principally an infectious background 
Treatment of an asthmatic attack is outlined, under the headings 
hospitalization, diet, sedation, antispasmodics, expectorants and chemo 
therapy 

Special problems related to the asthmatic patient are discussed 
Criteria for the choice of the anesthetic are the same as for non 
asthmatics The use of morphine is contraindicated, demerol is a sahs 
factory substitute The intractable asthmatic cougli must be controlled, 
but postoperatively, the cough reflex must not be abolished It is sug- 
gested that m cases of asthmabc bronchitis penicillin aerosol be given 
preoperatively, followed by pentciUin by injection postoperatively 
Postoperative complications in asthmatic patients are principally 
atelectasis pneumonia, or acute asthmatic episodes In all asthmatic 
patients operated on at die Labey Climc in die last five years, these 
pulmonary comphcations were three times as frequent m cases of 
asthmatic bronchitis as m cases of brondual asthma, emphasizing the 
importance of classification 

Elective surgical procedures give ample time preoperatively for 
complete control of the asthmatic slate Emergency surgical condi 
tions naturally take precedence over the pulmonary disease, but m 
such a situation the need for complete and immediate cooperation be 
tween surgeon and internist cannot be overemphasized 



BLOOD TRANSFUSION IN MAJOR SURGERY: 

FACTORS OF SAFETY 

Donat P Cyr 

With the development of blood banks, transfusion of whole blood 
has become such a common practice that physicians are prone to lose 
sight of the fact that, although a blood transfusion is often a life 
saving measure, it can also be a serious threat to life itself Too often 
a transfusion is given without a definite indication To expose a person 
to the dangers of a blood transfusion is not justifiable when there is 
no other reason than "to give the patient a boost" or because an in 
dividual “looks sour following a major operation 

INDICATIONS FOn TRANSFUSION IN SURGERY 
In major surgery the usual indications for the administration of 
whole blood are (1) to supply oxygen carrying red blood cells (2) 
to prevent or combat shock by maintaining or increasing the blood 
volume, (3) to contribute those substances necessary to make up cer 
tain deficiencies in the clotting mechanism, and (4) to help combat 
infection by supplying immune bodies to patients suffering from 
septicemia or other serious infections 
To be successful therefore, a transfusion of whole blood must satisfy 
a definite physiologic need as outlined In addition, it must not hann 
the recipient 

TRANSFUSION REACTIONS AND COMPLICATIONS 
The reactions that may occur folloiving the intravenous admmis 
tration of ivhole blood may be divided into five groups (I) 
vascular hemolysis (2) simple febnic reacbons, (3) circulatory and 
vascular disasters, (4) transmission of disease, and (5) allergic 
actions 

Intravaecxilar Ilemoljeie.— Intravascular hemolysis is by far tnff 
most serious consequence of a blood transfusion It usually results wffl 
the administration of incompaUble blood, it may occur following trans 
fusion of blood that has been stored too long 
The phenomenon of hemo agglulmabon presupposes the 
m the same circulation of an agglubnogen found m the red blood cc 
and a biologically incompabble agglutinin present in the plasn’^ , 
serum This reaction may occur under a variety of circumstances ac 
will be presented as follows group incompabbility, 

A and AB, use of group O individuals as universal donors, and 
factor 
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Group Incompaubiuty — Landsteioer, in 1900, discovered that the 
blood of humans can be divided into four groups The basis for tins 
division of human blood is the presence or absence iQ the red cells 
of t\%o agglutmogens A and B, and of two agglutinins, alpha and beta, 
found m the plasma or serum Accordmg to the International Nomen 
clature blood is classified mto 

1 Group A— A agglutinogen and beta agglutinin 

2 Group B— B agglutinogen and alpha aggiutinm 

3 Group AB— A and B aggluUnogens and no agglutimns 

4 Group 0-hoth alpha and beta agglutimns but no agglutinogen 
It IS essential in e\ery blood transfusion that neither the donors 

corpuscles shall be agglutmated by the recipient s serum nor the re 
cipients corpuscles agglutmated by the donors serum It is necessar> 
therefore, to determme the agglutmogen content of both the donor s 
and the recipients red blood cells (blood grouping— mdirect test of 
compatibility) and to ascertain that the serum of the recipient does 
not agglutinate the cells of the donor (cross matching— direct test of 
compatibility) Rarely is it necessary to do the so called "minor ag 
gluUnation i e testmg the donors serum against the recipients red 
cells 

The technic of blood grouping and cross matching has been fully 
described in several textbooks and laboratory manuals and need not 
be discussed here It should be noted bow ever, that many pitfalls exist 
m the proper groupmg and cross matching of blood 
Pseudo agglutination —This term refers to the groupmg of red blood 
cells m rouleaux fashion, resembling a pile of coins The phenomenon 
is commonly observed and may be misinterpreted as true agglutina 
tion Rouleaux formation is accentuated m infectious conditions asso 
ciated with an elevated sedimentation rate Both phenomena are 
related to changes m the globuhn fraction of the plasma proteins 
Pseudo agglutination can be almost entirely eliminated by diluting 
the patient s serum Hence it is rarely obseia ed if cross matching tests 
are done by the test tube method A slide preparation should he gently 
tapped and examined microscopically Gentle tapping will cause the 
small aggregations of red cells to dismtegrate whereas it will not affect 
true agglutination 

Auto agglutination -Auto agglutinabon may be defined as the abiht> 
of an individuals serum to agglutinate his own red blood cells It is 
a true antigen antibody reaction in contrast to pseudo agglutinabon 
The aggluUmn is a “cold" agglubnm which is usually acbve only at 
low temperatures It is commonly present m normal sera (32 per cent 
according to Shooter), but rarely is the bter of such degree as to 
offer any difficulty m the tests of compatibihty performed at room 
temperature In certain diseases such as cirrhosis of the hier hemo- 
lybc anemia of the acquired type paroxysmal hemoglobinuria 


BLOOD TRANSmSION IN MAJOR SURGERY: 
FACTORS OF SAFETY 

Donat P Cyr 

With the development of blood banks, transfusion of whole blood 
has become such a common pracbce tliat physicians are prone to lose 
sight of the fact that, although a blood transfusion is often a life- 
saving measure, it can also be a serious threat to life itself Too often 
' > . 1 « ’ ' To expose a person 

■ iible when there is 

" or because an m 

dividual looks sour following a major operation 

IP«)1CATI0NS FOR TRANSFUSION JN SURGERY 
In major surgery the usual indications for fiie administration of 
whole blood are (1) to supply oxygen carrying red blood cells (2) 
to prevent or combat shock by maint'unmg or increasing the blowl 
volume (3) to contribute those substances necessary to make up cer 
tain deficiencies m the clotting mechanism, and (4) to help combit 
Infection by supplying immune bodies to patients suffering from 
septicemia or other serious infections 

To be successful therefore a transfusion of whole blood must sabsfy 
a definite phjsiologic need as outlined In addition, it must not bam 
the recipient 

TRANSFUSION REACTIONS AND COMPLICATIONS 
The reactions that may occur following the intravenous adnums 
tration of whole blood may be divided into five groups (1) 
vascular hemolysis (2) simple febrile reactions, (3) circulatory an 
vascular disasters (4) transmission of disease, and (5) allergic ic* 
actions . 

Intravascular Hemolysis —Intravascular hemolysis is by far IW 
most serious consequence of a blood transfusion It usually results fro 
the administration of incompatible blood, it may occur following trans 
fusion of blood that has been stored too long 
The phenomenon of hemo agglutination presupposes the 
in the same circulation of an agglutmogen found in the red bloo 
and a biologically incompatible agglutinin present m the j 

serum This reaction may occur under a variety of circumstances ^ 
wiU be presented as follows group mcompatibility, subgro^P*^ 
A and AB, use of group O mdividuals as umversal donors, an 
factor 
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The practical importance of the subgroups is as follows: They may 
lead to confusion in blood grouping. Because of the low sensitivity 
of the agglutinogen group A blood (subgroup Aa) may be inter- 
preted as group O (no agglutination with either of the typing sera). 
Also, group AB (subgroup A^B) may be mistaken for group B (ques- 
tionable agglutination unth anti-B serum but no agglutination rWth 
anti-A). This emphasizes the necessity of using typing sera of high 
titer. 

In occasional cases when alpha-1 and alpha-2 are of relatively higji 
titer, reactions may occur when Ai blood is given to Aj recipients or 
vice versa. Such reactions are rare and usually result in mild reactions 
in the case of a first transfusion. However, an antigen has been intro- 
duced which boosts the titer of the existing antibody and possibly 
stimulates the production of an antibody which perhaps may not be 
present. Wth subsequent transfusions of blood from the same donor, 
a severe and even fatal reaction may occur as the result of previous 
iso-immunization. Such accidents have been reported and explain some 
instances of intragroup reactions when dealing with group A blood. 

It must be appreciated that from a practical standpoint, the sub- 
groups are of no significance in a first transfusion. With repeated 
transfusions and during pregnancy and the puerperium, the danger 
of a serious accident is real. The greatest safeguard against subgroup 
incompatibility is the use of typing sera of high titer. Methods of rec- 
ognition of the subgroups have been described and are applicable in 
rare instances.®* ” 

Use of Grouf 0 iNDnmuALS as Universal Donors.— IVhen group O 
blood is given to an individual of other groups, agglutinins alpha and 
beta are introduced into the circulation of the recipient. As a rule, 
such a transfusion is unaccompanied by a reaction because the donor’s 
agglutinins are of low titer and are diluted by the plasma of the re- 
cipient. In rare instances when a large quantity of blood is given to 
an exsanguinated recipient udth lowered blood volume, a severe reac- 
tion may result. 

Some individuals have high titer agglutinins. The use of such blood 
may be disastrous in a heterologous transfusion unless the agglutinins 
are neutralized by the addition of A and B substances which are now 
available from certain pharmaceutical houses. 

Coca states that a high titer aggluUnin is present in 3 per cent of 
group O donors. According to Hesse, the incidence is 30 per cent. 

It is also theoretically unsafe to administer group O blood to sub- 
^oups Ai and AjB since the plasma of these indiWduals may contain 
oTelU^''^^ alpha-2 agglutinin which has the property of agglutinating 

From these consideraUons it becomes apparent that the concept of 
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safety of group O blood as universal blood is erroneous 
danger, of course arises from the use of O blood wth 
lutimns Because of this a regulation has been introduced 
Code of New York State that the titer of agglutinins of 
viduals to be used as universal donors must be deter 
mined by actual titration Except m an emergency, it is best to use 
homologous" * transfusions 

Rii Factor —For many years reactions have been known to occur 
following the administration of homologous blood when grouping and 
cross matching tests showed no in vUro incompatibihty Only a very 
small number of these accidents could be attributed to subgroup in 
compatibility Since the discovery of the Rh factor by Landsteiner 
and Wiener (1940) most intragroup reachons have been shown to 
result from Rh incompatibility 

The Rh factor is an agglutinogen present in the red blood cells of 
85 per cent of the white population (Rh posifave) Fifteen per cent of 
the people have no Rh agglutinogen (Rh negative) When Rh positive 
blood IS given to an Rh negative individual the agglutinogen Kh 
stimulates the production of anti Rh iso immune bodies in the pksnu 
of the recipient Similarly, an Rh positive fetus stimulates the produc 
tion of anti Rh agglutinins in the circulation of an Rh negative mother 
Not all Rh negative individuals become sensitized after repeated 
transfusions of Rh positive cells Diamond found that only 6 out ol 
10 Rh negative males developed anti Rh agglutinms of significant tite: 
after repeated transfusions with Rh positive blood An Rh positive 
fetus is a more potent iso immunizing agent and, therefore the Rh 
factor plays a much more important role in Rh negative females dur 
mg pregnancy and the puerpenum Evidence is accumulating to show 
that anti Rh immune bodies may be present m the circulation of an 
Rh negative individual for months or even years after sensitization 
From these facts it can be readily understood that the administra 
tion of Rh positive blood to an Rh negative mother during pregnancy 
or the puerpenum may lead to a hemolytic reaction and if the anti 
Rh agglutinins are of suiBcienlly high liter, a fatal accident may result 
For the same reason repeated transfusions of Rh positive blood to 
an Rh negative individual may lead to hemolytic reactions which 
usually mild to moderate m seventy but rob the patient of the benenc 
of the transfusions and in some instances result m anuna One or tnore 
transfusions given to an unmarried Rh negative female may decrease 
her chances of hiving one or more normal pregnancies in the even 
that she marries an Rh positive male 
With a single transfusion the Rh factor is of no importance creep* 
during pregnancy Ideally, it is advisable to do Rh determinations 
all transfusions From a practical standpoint, this is not possible 
cause anti Rh agglutinms of high titer necessary for typmg the 
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factor are not easily available Nevertheless it must be strongly em 
phasized that should repeated transfusions be necessary or if a trans- 
fusion IS required durmg pregnancy, the Rh factor of the recipient 
must be kno^vn or only Imown Rh negabve donors must be ^sed 
Even after all the conditions of compatibihty have been fulfilled, 
transfusions are not without danger Some reactions are mild and of 
no significance, others may be more severe and lead to fatal results 
Simple Febrile Reactions.-A small percentage of febrile reactions 
are due to incompatibility either because of errors m grouping or be- 
cause of intragroup mcompatibility. Fortunately, not all transfusions 
of incompatible blood result in fatahties Nevertheless, even a mild 
reaction requires an explanation The tests of compatibility should be 
rechecked, for if blood of the wong group has been given, a subse- 
quent transfusion of blood of the same ot {torn the same itidi 

vidual will almost certainly result m a more severe and even disastrous 
hemolytic reaction 

The majority of febrile reactions with or wthout chills are due to 
the introduction of a foreign protein, dead or living but nonpalhogenic 
orgamsms, from the apparatus or from the vanous transfusion fluids 
The importance of using fresh pyrogen free distilled water, the neces 
sity for scrupulous cleanliness and for immediate and proper cleans- 
ing of all apparatus and proper autoclaving of solutions used m trans 
fusion work have been emphasized by Lewisohn and Rosenthal These 
authors have sho\vn that with proper technic the incidence of chills 
and fever from these causes can be reduced from 12 to 1 per cent 

Mild febrile reactions may occur due to coagulative changes m the 
transfused blood These can be prevented by proper straining and by 
assuring a free flow of blood through a large gauge needle properly 
inserted mto the vein 

The mtroduction of closed systems in the collection of blood has 
greatly reduced the incidence of contamination This danger is forever 
present unless scrupulous asepsis is observed m drawing blood, espe- 
cially if this IS done by the open flask method However, most con- 
tammating organisms are nonpatbogenic and their growth can be m- 
hibited by immediate cooling in the refngerator and by not allowing 
the blood to stand too long in a warm room before its administration 

It must be emphasized that, whereas febnle reactions due to the 
vanous causes mentioned are usually mild, they may be severe and 
offer much difficulty m distinguishing them from the more dangerous 
hemolytic reaction Also, in greatly enfeebled patients and m indi- 
viduals with cardiovascular or pulmonary disease, any but the mildest 
reaction may precipitate a fatal ending 

Circulatory Acculents.-The rapid injection of 500 cc of blood 
into the circulabon of the average adult individual without heart dis- 
ease is well tolerated Following an acute severe hemorrhage avith 
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marked lowering of blood volume several liters of blood may be ad 
mmistered fairly rapidly mthout precipitating pulmonary edema In 
such instances a rapid restoration of the blood volume far outweighs 
the danger of circulatory overloading Jt is well to remember, however 
that the too rapid administration of a blood transfusion may produce 
a rigor 

In elderly pabents with weakened myocardia, m individuals with 
chronic and severe anemia, and in persons enfeebled by chronic dis 
ease, the situation is much different In such patents the danger of 
producing pulmonary edema and death from circulatory failure is real 
and must be guarded agamst In DeGowm’s senes 2 out of 7 deaths 
following transfusions were the result of pulmonary edema 

With the exceptions mentioned, the average rate of mtravenous ad 
ministration of blood by tlic drip metliod should not exceed 1 cc per 
pound of body weiglit per hour Thus the usual transfusion of 500 cc 
of blood would require about three to four hours with the flow ad 
justed at 60 to 80 drops per minute If the patient has known heart 
disease or pulmonary embarrassment, if Oie anemia is very severe and 
of long standing the rate of flow should be 30 to 40 drops per minute 

When preparing a patient with chronic anemia for operabon, it is 
desirable to raise the hemoglobin level to at least 80 per cent On the 
basis that 1 pint of blood will increase the hemoglobm value by 10 
per cent, some pabents will require two or more transfusions It is 
well to remember that patients with weikened myocardia from severe 
anemia of long standing will not tolerate large quinblies of blood 
even if given slowly It is necessary to divide the transfusion and give 
a smaller amount of blood at intervals of one to two days, depending 
upon the condition of the individual patient In this connection it may 
be said that a transfusion under anesthesia offers no additional danger 
other than that which may result from incompatibility 

Transmission of Disease.— Careful quesbomng and exammabon 
of the donor must precede every blood donation Early seronegabie 
as well as latent seropositive syphilis may be transmitted to the re- 
cipient unless the donor is exaimned carefully and serologic tests are 
performed Fortunately, the transmission of syphilis by transfusion 
IS rare 

With the return of so many potential donors from malarial countnes 
greater precautions than ever must be exercised to prevent the bans 
mission of malaria to the recipient of a blood transfusion / A 
is best not to use a donor who gives a history of malaria m view o 
long latency of this disease In addihon, the donabon of a pint of oo 
has been known to activate a latent malarial infection m the 

In recent years reports have accumulated with regard to the an 
mission of virus mfeebons resultmg in hepatibs and jaundice o 
careful history can prevent this from occurring These possi 
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emphasize the wisdom of giving a transfusion only when it is genuinely 
indicated. 

Allergic Reaclions.-Foreign proteins to which the recipient may 
be naturally sensitive or to which he may develop a hypersensiUve- 
ness may lead to reactions varying in degree from anaphylactic shock 
to mild urticaria. Usually such allergic reactions are not severe and 
can be immediately alleviated by the subcutaneous injection of 5 to 15 
minims of a 1:1000 solution of epinephrine. The incidence of al* 
lergic reactions can be reduced by insisting that the prospective 
donors be in the fasting state for four hours prior to withdrawing tlie 
blood.s- 

USE OF STORED BLOOD 

In recent years there have been many studies done on the therap- 
eutic usefulness of stored blood as compared to fresb blood. Even 
though blood banks have greatly widened the scope of blood trans- 
fusion as a therapeutic measure, one must not lose sight of the fact 
that die more readdy available stored blood undergoes certain chemi- 
cal and morphologic changes which render it less efficacious in ful- 
filling the specific physiologic need for which the transfusion is 
intended. 

Fresh blood and citrated blood stored for only a few days supply 
physiologically active red blood cells which survive in tlie recipient’s 
circulation for three to four months. After two to three days of storage 
the erythrocytes begin to disintegrate and in seven to ten days the 
oxygen-carrying capacity of such cells is greatly reduced so that the 
therapeutic result desired is no longer fulfilled. Recent studies have 
shown that a glucose-citrate mixture buffered with sodium phosphate 
to a pH of 7.4 is a more satisfactory blood preservative than citrate 
alone. After two weeks of storage, blood preserved in this mixture 
supplies red blood cells which survive in the recipient’s circulation for 
at least forty-eight hours after transfusion. 

One or more preopetative transfusions are sometimes desired to 
supply platelets to an individual with thrombocytopenia prior to 
splenectomy. The physician must bear in mind that platelets have 
almost completely disappeared from stored blood in twenty-four to 
forty-ei^it hours. The use of fresh blood in such instances is a neces- 
sity in order to increase the coagulability of the recipient’s blood. 

Leukocytes disappear from the blood after only a few hours of 
storage. The immune bodies contained in the globulin fraction of the 
plasma are still efficacious even after many days of storage. When a 
transfusion is used to help combat infection, however, it is best to 
i freshly dra^vn or blood onlv a few 
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Fatal transfusion accidenta can almost entirely be ebminated if the 
following rules are observed 

1 Ascertain that the blood ol the donor and of the xecjpjent are 
properly grouped according to the four major blood groups This of 
necessity requues high liter typing sera 

2 Do careful cross matching before every transfusion except in dire 
emergencies 

3 Use homologous blood ro preference to the group 0 uniiersal 
donor 

4 With repeated transfusions or during pregnancy and the puer 
penum the Rh factor must be determined or only known Rh negative 
donors should be used 

5 As an additional precautionary measure do the so called 'bio- 
logic test, 1 e observe tlie p-itient carefully during the admimstra 
tion of the first 50 to 100 cc of blood 

6 Evaluate the cardiovascular status of the recipient so as not to 
overload his circulation 

7 Choose the donors carefully with regard to previous or existing 
transmissible diseases 
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METASTASIS TO BONE IN GASTROINTESTINAL 
MALIGNANCY 


George L Thomas 

Tire incidence of metastasis lo bone in primary malignancy of the 
gastrointestinal tract is relatively rare In a series of 16S cases of met 
astatic caremoma of tlie bony siccleton recently studied at the Clinic, 
we have noted the primary source in the gastrointestmal tract in only 
11 cases This constitutes an incidence of 6 per cent 
In most instances bony metastasis has been a late complication and 
has been noted m the terminal or near termmnl phase of the disease 
The female breast and the prostate gland have been the primary sites 
of skeletal metastatic carcinoma in the group of cases studied 
The management of the patient avitli mabgnant disease of the gastro- 
intestinal tract which has metastasized to the skeleton is often hmited 
lo comparatively simple procedures designed to relieve pain in the 
terminal phase of the disease An occasional case, however, requires 
the combined effort of our several departments in an attempt to make 
the patient as comfortable as possible We believe the effort is ^^orth 
while if we are able to spare the patient as little as a few months’ suf 
fermg The following case report is mfoimative m that it demon 
strates the problem which not infrequently confronts the physician 
who IS obliged to manage patients with this disease 

CASE REPORT 

An unmamed 69 year old woman was admitted to the New England Baptirf 
Hospital in February 1945 She complained of a painful right leg which deve! 
oped after a fall from a chair to the floor Examination revealed the usua 
deformity of a fractured nght hip as well as a large abdominal mass in the ngh' 
lower quadrant The patient had noted a 7 poimd weight loss in the preceding 
three months and had complained of intermittent abdominal cramping for a yf^ 
Roentgenologic examination revealed an iniertrochantenc fracture of the ngn 
hip and pathologic bone suggesting metastatic caremoma of the upper nght 
femoral shaft A banum enema estabhshed the presence of a large filling defect 
jn the reeuxn cbaracteristic of pnmaiy ramnoma at this site 

Laboratory examinations showed a severe hypochromic anemia leuhocytosu 
and an elevated basal sedimentation rate , 

Russell traction was applied lo the nght leg and a satisfactory 
the fracture was accomplished Figure 290 a and b demonstrates the mte 
chantenc Iracture before and after redaction by means of Russell traction ^ 
ordmary circumstances we would have considered traction a sufficient Wa 
for the fracture shown However since abdominal surgery was indicated it 
necessary to apply internal fixation of the fracture m spite of the patholopc 
noted in the upper femoral shaft The pabe&t was given 3500 cc of ^ ^ 

blood intravenously over a penod of seven days When her general eondiBO 
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Fig 296 — Intertiochantenc fracture a. Before reduction, b, after reduction 



b 


Fig 297 -a, Intertroclianteiic fracture loBo^ving internal fixation Arrows in- 
dicate area of pathologic bone 

h. Healing Intertrodiantenc fracture Pathologic bone shU visible m upper 
femoral shaft 
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satisfactor) she was taken to the operating room where internal fixation was 
applied to the fracture by means of a Lorenzo screw and a femoral plate as 
shown m Figure 297 a The immediate postoperative course was enbrely sabs 
factory and the patient was completely comfortable as far as the fracture was 
concerned on the thud postoperative day 

Twelve days later the abdomen was explored and a ngbt colectomy with a 
primary side to-side ileotransverse anastomosis was performed The postoperabve 
course was again uneventful with one exception Five days later thrombophleli 
tis developed mvolving the left lower eirtremity This complication responded to 
left paravertebral sympathetic block which was earned out three times 

There were no further comphcations and tlie patient was discharged on the 
seventy seventli hospital day X ray treatment was given at the site of metastasis 
in the ngbt femoral shaft The patient has been completely comfortable for more 
than a year She has gained weight and is able to stand and walk on her nght 
leg with no discomfort whatsoever A more recent roentgenogram of the njht 
Jup taken m October 1945 Is shown in F gure 297 b It will be noted that she 
has abundant callous formabon and there is 1 Itle evidence of either osleoblasbc 
or osteolybc activity at the site of the former upper femoral shaft lesion Penodic 
roentgenograms of tlie chest have revealed no evidence of pulmonary mvnivement 
For the past several months the patient has been able to care for herself and is 
debghted with her present situation 

Ordinarily the treatment of skeletal metastasis js of course, stnctly 
palliative and is designed to relieve pain Piinful metastases to the 
spine have been treated by radiation and cordotomy, and these 
methods have been effecbve as temporary measures in some cases 
Bony metastasis however has occurred frequently as a near tenrunal 
complication and most of our patients have required morphme m 
large doses It has been possible to reduce the terminal suffering in 
many mstances by combining irradiation with adequate doses w 
morphine dilaudid or pantopon We have used cobra venom wth 
some success but have recently discontinued the use of this agent 
By means of careful timing and adequate medication many patients 
have been spared much of the pain which invanably accompanies 
the termmal phase of this disease On tlie other hand it uall be noted 
from the case report that in an occasional instance active treatment is 
warranted in spite of the fact that the surgical procedures mvohed 
are often extensive and require thorough preparation as well as 
meticulous postoperative core 



UUOLOGIC COIMPLICATIONS FOLLOWING LARGE BOWEL 
SURGERY AND THEIR MANAGEJIENT 

EIam* E Ewert 

Urinary tract complications play so important a part in the man- 
agement of patients following operations on the large bowel that it 
seems worth while to discuss Ae problems involved m managing 
Aem In our analysis it was found Aat nearly 30 per cent of Ais 
special group had some form of gemto unnary complication AlAough 
Ais raho seems very high, it is so because 28 per cent of Aese pabents 
had unnary findings indicating infection with or without symptoms 
Many of Ais group were found to be free of symptoms on their first 
or second postoperative visit, nevertheless, Aey were included because 
of their urinary findings on discharge from the hospital 
Urinary tract complications anse by virtue of several factors, pn 
manly, and it is not difficult to comprehend Ais One factor is con 
tiguous extension, particularly when the growA involves Ae sigmoidal 
or rectal segment, Ae bladder, seminal vesicles and Ae prostate The 
second factor is Ae removal of Ae sigmoid with Ae exposure of the 
ureters lying to either side of Ae sigmoid mesentery and Aen Ae 
duect surgical attack upon Ae lesion wheAer it mvolves Ae bladder 
the seminal vesicles or Ae prostate Lesions of Ae ascending or 
descending colon are not neatly so likely to involve the kidneys and, 
accordmgly, we have found Ae genilo unnary complications far less 
common in this group Because the operability rate of carcinoma of 
Ae rectum has steadily risen at Ae Clinic until it now stands at 85 
per cent, it is reasonable to assume Aat aged patients and patients 
subjected to radical operations will need closer postoperative care 
with regard to Aeir gemto urmary system Aan in Ae past From Ae 

TABIE 1 —AGES OF 54 PATEENTS HAVING TRANSURCTimAE SURGERY 

Rectal Segment Nonrectal 

(50 Cases) (4 Cases) 

Average age 65 years Average age 63 years 

Youngest 32 years 

Oldest 77 years 

viewpoint of the urologist, the male members of this class demand 
more careful supervision and I wish to deal mote mtimately with their 
problems (Table 1) 

Since most of the male pabents who have removal of Ae rectal 
segment are m Ae proslabc age, they have to surmount several handi 
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caps m their postoperahve course m order to urinate Removal of the 
rectal segment m many instances alters the anatomy of the bladder 
The bladder floor descends and this patient develops to some extent 
a male cystocele The angle at which his trigone approaches the Wad 
der neck is made more acute and its action in opening the bladder 
IS seriously interfered with There is also to our mind a lack of fixation 
of the bladder floor produced by the necessary dissection so that at 
times the bladder is fastened only at the vesical neck The second 
factor m bladder dysfunction in dealing with males, is the detrusor 
paralysis from parasympathetic denervation when the posterior blad 
der wall and floor are exposed The third hurdle a male m the pros 
tatic age has to overcome is the vesical neck obstruction which may 
be present to a greater or less degree The last factor is the urethral 
resistance present in the male that, while not great, is of some im 
portance m a patient who may be debilitated by his caremoma and 
his recumbent position in bed 

From our experience, the initial detrusor paralysis has for the most 
part disappeared when the urethral catheter is removed This period 
however, can be prolonged when the weakened bladder musculature 
has to compete with vesical neck obstruction, urethral resistance and 
a loss of anatomical support of the bladder floor It is not always 
possible to estimate the pure examples of each but they may be classi 
fled as follows 

1 Pure detrusor paralysis from parasympathetic denervation 

a A mild form cystometncally evident m large numbers of pabents the 
first week following operation 

b A severe form necessitating prolonged tidal drainage present w * 
small number 

2 Mued forms of detrusor paralysis In combination with 

1 \csical neck obstruction 

b Almost complete loss of anatomical support and lack of fitahon 

c Inherent resistance in the male urethra 

3 Vesical neck ohstruebon alone 

All patients undergoing abdominoperineal resection are placed on 
catheter drainage and this inlying catheter is maintained until some 
time after the seventh postoperahve day It would seem, ther«o^ 
important m managing a patient who fails to void after his cathetff 
IS removed, or who voids infrequently, or who develops a fever shortly 
'vftes the catheter has beew xemwed tivat the cawse of his urologic 
difficulty should be quickly assayed so that temporizing measures w 
not only not delay his hospital stay md possibly decide a surgical vic- 
tory or defeat . 

This preparation for possible urologic complications in the 
should take cognizance of the fact that particular attention shou ^ 
paid to the presence or lack of unnary difficulty prior to opera o 
It is almost certain that a patient m the prostatic age "'ho has mar 
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difficulty in unnTting will need some relief after Ins more urgent 
abdominoperineal resection It is also essential that the size of the 
prostate be noted m the history and needless prolonged catlieter drain 
age be avoided or repeated insertion of the catheter be eliminated in 
attempting to get the patient to urmatc against the marked prostatic 
obstruction This is well illustrated by the following case 

Case I -A man aged G5 gave a history of having had some unnary dilDculty 
for the past ten or fifteen years consutmg of noctuna three to four times, dimmu 
tion m size and force of stream hesitancy and dribbling lie had consulted a 
urologist for this difficulty m the past and m the last year or two his symptoms 
had been increasing On rectal examination his prostate was described as grade 2 
plus to 3, benign in nature llis postoperaUve course after abdominopermeal re 
section was une\entful and a short trial after removal of his catheter revealed 
him to he voiding only m amounts of 1 or 2 ounces The catheter was replaced 
after twehe hours and urograms obtamed These demonstrated a normal upper 
Unnary tract He was subjected to transurethral prostatectomy svith removal of 
45 gm of tissue Following tins he voided easily and freely and his postoperative 
course was prolonged less than a week He was allowed up and about with his 
catheter m place on the first postoperative day The catheter was removed on the 
second postoperative day after transurethral prostatectomy 

The absence of prostatic obstruction, on the contrary, does not guar- 
antee the absence of bladder neck obstruction, for the patient may 
have a markedly sclerotic bladder neck This contracture of the blad 
der neck may be such as to give only minimal symptoms but in the 
presence of the altered detrusor force and disturbance of the ana 
tomical plane of the bladder floor and trigone, becomes greatly mag 
nifled We have been repeatedly impressed by the fact that even tlie 
removal of a few grams of tissue of an elevated posterior vesical hp 
Will allow the patient to urinate This fact has been repeatedly ob- 
served m patients having neurogenic bladders from other causes, such 
as spinal lesions It would seem therefore, extremely important that 
after two or three trials with removal of the catheter, when the patient 
ts ambulant, the cause of his urinary difficulty be determined 

Our practice is to have an excretion urogram made to determine 
the status of the upper unnary tract and aid us in estimatmg the renal 
function Blood chemistry studies are obtained and the patient well 
hydrated by oral or parenteral fluids 
The general surgeon, as well as the urologist, has brought up the 
question of correction of the vesical neck obstruction preoperatively 
We believe that postoperative correction of the obvious vesical neck 
obstruction is wiser because removal of the obstruction does not 
eliminate possible detrusor paralysis, and these patients would then 
have catheter drainage for long periods of time after the necessary 
mampuIaUon of the urethra and bladder neck by resection Also the 
reaction following transurethral operation is much less after resection 
owing no doubt to destruction of some of the blood supply to the 
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prostate gland and also to the walling off of the lymphatic drainage 
The prostate undergoes regression in size so that it is much smaller at 
this time Revision, accordingly, is ^one with greater ease and is car 
ried out in periods averaging less than twenty minutes The absence 
of any blood loss and any possible acute infection would seem to be 
a decided advantage in these patients Also, it is possible to get these 
individuals out of bed in twenty four to forty eight hours after opera 
tion We have operated on 54 patients with bladder neck obstruction 
without a death because of these factors The question of carcinoma 
of the rectum, in our minds, takes precedence over prior transurethral 



Fig 298 (Case II) —Urogram showing diHutioD of the upper urinary tract mor® 
nurl-ed on the left 

operation for this reason Oral medication with sulfadiazine and sul 
fathiazole and intravenous fluids help splint the upper urinary tract 
and it IS surprising the small amount of reaction that these patients 
have Many of them remain afebrile and the replacement of insignm 
cant blood loss by transfusion is not necessary , 

The use of routine urograms has disclosed that dilatation of t e 
ureters occurs in some instances following Miles resection The avoJ 
ance of injury to the ureter and isolation of it, from the general sm 
geon’s viewpoint, is mandatory We feel that it is a mistake, however 
to strip them routinely from their beds and possibly both denerva 
and devascularize them That this dilatation does not result from 


Fig 299 (Case 11) —Urogram sho>ving dihtahon of the upper unnary tract, more 
marked oa the left. 



Fig 300 (Case II) —Urogram showing dilatation of the upper urmary tract, more 
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long continued prostatic obstrucbon is borne out by the fact thatue 
have observed it repeatedly m females nnd in males wthout prostatic 
enlargements Tlie Ijsis of the lower third of the ureters, we belie\e 
so interferes with the blood and nerve supply that prolonged infection 
of the urinary tract and damage to the upper urinary tract are m 
evitable results The clinical course in the follo\ving case report would 
seem to exhibit some of the points under discussion 

Case II— A 69 year old man underwent a two stage Lahey abdomlnopenneil 
resection for carcinoma of the rectum He was maintained on bdal drainagf 
using potassium permanganate solution as an imgating agent Urograms made it 
Uus Ume ga\e negative results Cysloscopic examination was earned out and a 
very definite prostatic obstruction observed Tins was corrected The prelunmuy 
cyslometnc reading revealed a flat type of curve with all the components being 
displaced toward the right Urograms made 1 month later disclosed bilateral hy 
dronephrosis without gross abnormality of the bladder CystoscOpic examination 
revealed relaxation of both ureteral orifices l/rogiams (Figs 298 to 500) made 
three montlis later demonstrated progressive dilatation of the upper unnary tract, 
more marked on the left The cystometrogram revealed the mcrease in intravesical 
pressure and the paUenl was able |o empty his bladder up to several ounces 

Bladder afonicilij from detrusor piralysis, beenuse of the shortness 
of Its 'ippeirance, does not portny on the cystogram any peculiar pl^ 
ture, such as the pyramid bladder, but ratber vinous forms of opera 
live distortion However, no nllention may be seen in the outline of 
the bladder itself m an anteroposterior \ncw Tlic protection of the 
upper urinary tract in patients having complete paralysis is of para 
mount importance A profound, incunble p>elc)nephntis with possible 
formation of calculi and various degrees of p>electasia and ureteiec 
tasia may result if the bladder is allowed to attempt to empty itself 
The tidal drainage mechanism allows frequent automatic irrigation 
and the careful adjustment of this to the intn\ esical pressure wJl 


be carried out in tins group so that here again the recov ering bladder 
wtII not have to compete with obstruction at the bladder neck The 
use of a Foley bag using the 30 cc size bag which is large enou^ 
to prevent it from engaging m the posterior urethra seems indis 
pensable and eliminates the messy adhesive strappings 
given up the use of a small 5 cc Foley bag since it may become en 
gaged m the urethra and produce spasm and incomplete dramas^ 

In patients havmg various degrees of atomcity of the bladder with 
out obstruction, the inlying catheter is removed most oppor^n^J 
when these patients can sit up m a chair or are up and about and inen 
can use their accessory urinary muscles, namely the diaphragm an 
the abdominal wall, to belter advantage Most of these patients m 
damage to the upper urmar> tract in the form of pyelonephritis at 
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tunc of the removal of tlie catheter Special attention to the mtake and 
output record and, more particularly, to the amount of voidmg, should 
be given A patient voiding 2 or 3 ounces at a time may have what 
amounts to practically an overflow bladder and whatever recovery has 
been obtained from any detrusor paralysis or m an uncomphcated 
abdominopermeal resection may be lost when the usual order is left 
to cathetenze the patient if he is uncomfortable The bladder at this 
time not only has a loss of its motor components, as pictured by the 
cystometrogram, but shows a decided shift to the right in its sensory 
component, and the usual sensation to urinate is seriously depressed 
and is expressed only by a vague discomfort or abdominal pain Such 
a bladder, so allowed to overdistend, will again revert to complete 
atonicity and this, coupled with an ascending urinary tract infection, 
will cause tlie entire clinical progress to collapse 
The progress of recovery from this type of bladder dysfunction can 
be gauged by the rise in intravesical pressure, bedside cystometro- 
gram and the patient’s own subjective informabon of the return of 
bladder sensibility We beheve that this form of treatment with the 
addition of urinary antiseptics will spare the patient’s urinary system 
In lesions involving the prostate and posterior urethra, perineal 
urethrofistula may result In the past year 2 such cases were en 
countered At the time of operation it was noted that the urethra 
had been entered into with the necessary dissection and the catheter 
was then allowed to remain in place for a period of several weeks 
before changing It is important to emphasize at this pomt that inser 
tion of the catheter may be extremely difCcult after an abdommo 
perineal resection with the possible altered anatomical course of the 
urethra, undue trauma with the production of fever from infection 
may result and seriously impair the patient’s progress from repeated 
urethral catheter manipulation Such perineal fistulas usually will 
close, their later repair will be simple and nursing care facilitated if 
inlying catheters are permitted to remain for a period of three to four 
weeks Here again it is of great aid to maintain these patients on a 
closed drainage system or automatic siphonage so that the bladdei 
ind upper urinary tract will be spared from infection 


Urethritis is at times a distressing symptom and die patient will 
complain bitterly when urethral drainage is still mandatory The 
urethral catheter should never be larger than the external urinary 
meatus This is the smallest part of the canal A catheter which 
sfrelches the external urinary meatus will not allow the mucus about 
the catheter to escape and also a later sequela will be either a meatal 
or a navicular stricture Periurethritis with abscess formation can re- 
sult from prolonged drainage, and inspection for this may easily be 
made by running ones hands along flic urethra and palpatinii the 
caUieter oxer it Unexplained fexer with adequate urmary drainage is 
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frequently due to urethritis and absorption from the urethra is very 
much greater than from the bladder. In 1 patient we had to resort to 
perineal urethrostomy because of marked periurethritis. 

Injuries to the ureters may be accidental or intentional. Involvement 
of the ureter by a growth may necessitate removal of a segment. This 
problem, to oiur mind, may be solved two ways. The immediate solu- 
tion is to ligate the ureter with silk, which was done in one instance 
with the hope that the kidney may atrophy or, as in most instances, 
hydronephrosis will result, and the removd of this kidney can then 
be done at a later date when the immediate surgical crisis has been 
passed. 

The second form of management is restoration of the ureteral 
contmuity. This was done by one of our general surgeons in the fol- 
lowing manner. A catheter was passed down into the bladder through 
the lower segment and then threaded into tlie upper segment and an 
end-to-end anastomosis made. Tlie inlying ureteral catheter prowded 
perfect drainage and the aim of the surgeon to bridge the immediate 
surgical crisis was obtained. Two weeks later the ureteral catheter 
was removed cystoscopically with no disturbance in the patient’s post- 
operative coarse. Another method of handb’ng this would be the tis« 
of a T*tube with the long arm of the T coming out throu^ an opea- 
ing above the pomt of union to avoid a stricture at this point. Drain- 
age should be provided when anastomosis takes place. The T-tube 
serves this purpose adequately. 

^Vhlle every effort should be made to consen’e a kidney whose u^^ 
ter has been cut either intentionally or accidentally, the aim at this 
point should be a means to-avoid nephrectomy at the time of the ab- 
dominoperineal resection. A study of the upper urinary tract can then 
be made postoperatively and, with tlie knowledge of a sound kidney 
on the tminjured side, nephrectomy can be performed some weeb 
later with more surgical impunity. "Hiis to our minds is the focal point 
of this surgical dilemma. 

Some patients may have to be kept on small doses of urinary anti- 
septic folloiving their discharge from tlie hospital for a long period 
of time and some may need permanent maintenance doses. 

CONCLUSIONS 

Urinary tract infections account for most of the complications after 
large bowel surgery. These patients may be subjectively free of urin- 
ary symptoms so that repeated examination of their urine is necess^ 
during their postoperative course in and out of the hospital. The v?ise 
use of urinary antiseptics can avoid future trouble for them. _ 

A careful assay of male patients \vith urinary symptoms , 
operation will help to avoid needless lengthening of their hospi 
stay because of marked urinary obstruction. 



IMANAGEMENT OF ANESTHESIA IN BOWEL SURGERY 
Leo V. Hand 

The management of anesthesia for surgical procedures on the bowel 
must insure the maximal degree of safety for the patient. The duties 
of the anesthesiologist in his management of anesthesia include the 
responsibility for preoperalive medication, the choice and administra- 
tion of the anesthetic, the supervision of and responsibility for sup- 
portive therapy prior to and during the operation, and the treatment 
of certain postoperative complications. 

PREOPERATIYE PREPARATION 

Supportive Tlierapy.— The age, physical state of the patient, and 
the t^e and site of disease influence both the contemplated operative 
procedure *and choice of anesthetic agent and method. Extremes of 
age are definite problems. In the management of anesthesia the first 
preoperative consideration is directed toward insuring supportive ther- 
apy to improve the patient’s physical slate for the contemplated opera- 
tion. In acutely ill patients wiA early or impending shock and pros- 
tration, intravenous therapy is of particular value— fluids, blood, in- 
organic salt and protein replenishment. In chronically ill patients with 
debilitation, anemia and obstruction, the treatment is directed not 
only to replenisliment but also preventive therapy. Replenishment 
therapy includes the administration of food, fluids, proteins, inorganic 
salt, blood and vitamins. Preventive measures include the administra- 
tion of specific drugs such as sulfonamides, the use of the Levine tube 
for gastric drainage or lavage, and of the Miller-Abbott tube for 
intestinal drainage and decompression. 

Premedicalion.— The primary preoperative consideration of the 
anesthesiologist is premedication. The purpose of premedication can 
be briefly divided into diree general parts: (!) to provide for the 
comfort of the patient, that is psychic and physical; (2) to lower meta- 
bolic activity, thus facilitating administration of an anesthetic, and 
(3) to safeguard against untoward or unpleasant reactions that might 
occur during or after the operation to the detriment of the patient. 
The three general classes of premeCUcants employed are the deriva- 
tives of opium, of barbituric add, and of belladonna. Basically the 
opium derivatives act as direct metabolic depressants and enhance the 
effect of soporific drugs, thus lowering emotional excitement The bar- 
bituric acid derivatives allay emotional excitement and afford protec- 
Uon from toric effects of the usual agents employed in local and re- 
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gional anesthesia The belladonna derivatives decrease secretions, act 
as metabobc stimulants to antagonize respiratory depressive effects of 
the opiate, and lessen the reflex response to cardiac vagal activity 
The more frequently employed combinations of these three classes 
for medication for good risk adult patients are as follows ^Vhen in 
halation anesthesia is to be employed morphine, Yc gram, scopolamine, 
YiQQ gram, and nembutal, 1% grains, are given In regional anesthesia 
the following combinations are ordered for field blocking, a moder 
alely heavy dose of pantopon, H to % gram, a very small dose of 
scopolamine, usually V^oo ^od a relatively small dose of nem 

butal, usually ly, grains, for spinal anesthesia, pantopon, gram 
scopolamine, Vino gram, and nembutal, 3 grains The combination of 
opiate and belladonna derivatives is usually given subcutaneously 
one to one and a half hours prcoperatively Barbitiinc acid deriva 
Uses are usually gi\en by mouth three quarters to one hour before 
operation In the aged, debilitated and \er>' poor risk patients, these 
doses are evaluated and reduced by the anesthetist making the pre 
operative visit Over premedicalion may result in serious postopera 
tive complications arising from respiratory depression Too light pr^ 
medication can usually be supplemented intravenously in the operat 
mg room Tlius, the average dose of preoperative medication may be 
summed up as light to moderate medication for general anesthesia 
and moderate to heavy medication for local or regional anesthesia 

OPEHATIVE BIANACEMENT OF ANESTHESIA 
Agent and Aletliod.—The choice of agent and method of admmis 
tralion for anesthesia m bowel surgery are largely dependent upon 
(1) the age and physical state of the patient, (2) the type and site of 
disease, and (3) the extent of the contemplated surgical procedure 
In bowel surgery aery few procedures may be classified as minor 
procedures, requiring little or no surgical relaxation 

In infants and very young patients an inhalation anesthetic is em 
ployed, open drop ether is the agent and endotracheal intubation the 
metliod of choice In \ ery poor risk patients on whom the minima 
degree of surgery is planned, the combination of an inhalation agent, 
cyclopropane, and an intravenous agent, such as curare, is admffiis 
tered This combination has the decided advantage of having no 
direct depressiv e influence on the circulatory system In the hands of 
a competent anesthesiologist, any complicating respiratory depression 
resulting from this combination may be treated by passive or con 
trolled respu-ation . 

Experience has demonstrated that subarachnoid block or spma 
anesthesia with a light supplementary anesthetic, approaches more 
nearly the optimal anesthesia for bowel surgery This combination m 
the hands of a competent anesdietist insures three favorable factors 
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(1) unvarying maximal relaxation of the abdominal muscles, (2) the 
quiet, regular action of tlie diaphragm which, together with (3) con- 
traction of the intestine, produces the most favorable operating condi- 
tions of any method of anesthesia The agent and method to be em- 
ployed m spinal anesthesia depend on the contemplated procedure. 
For operations which probably will require less than one and a half 
hours of anesthesia, pontocaine® witli dextrose solution has proved 
highly satisfactory. 

Usually bowel operations have a contemplated duration exceeding 
one and a half hours For this operation the technic^ of fractional 
(continuous) spinal anesthesia is routinely employed Our agent of 
choice for fractional spinal anesthesia is pontocaine dextrose Occa- 
sionally nupercamc,^ 1 to 1500 dilution by the single dose mctliod, has 
been used in bowel surgery 

Supportive Therapy.— During all operations in which resection is 
contemplated, fluids and blood are readily administered by an intra- 
venous drip equipment, with the needle placed in the great saphenous 
vein as it ascends in front of the libial malleolus This route also 
provides a means for rapid administration of a supplemental anes- 
tliesia— intravenous morphine, pcntothal sodium or curare, supportive 
drugs, that is pressor drugs to combat serious falls m blood pressure, 
and corrective drugs, such as atropine, to stop or inhibit hiccups 
In instances in which use of the cautery is contemplated, the sup- 
plemental anesthetic of choice, nonexplosivc m type, is on intravenous 
fractional dose of eiUicr morphine or pcntothal sodium Adequate 
oxygenation of die patient is always maintained Occasionally, 50 to 
70 per cent nitrous oxide plus oxygen is given in conjunebon xvith 
pcntothal The use of nitrous oxide reduces appreciably the quantity 
of pcntothal necessary to insure ideal supplemental anesthesia When 
the cautery is not to be used or after its use, cyclopropane is fre- 
quently employed Occasionally and in rare instances small doses of 
curare have been administered to reinforce a spinal anesthesia which 
apparently is wearing off The use of supplemental anesthesia has a 
two fold advantage (1) with an unconscious patient the surgeon is 
at liberty to discuss freely the disease encountered, and (2) with the 
usual extensive manipulations associated with this type of operation 
there is less of a clinical response to traction with its resulting reflex 
falls in blood pressure and associated cycles of nausea and retchmg 
in the conscious patient Therefore, early employment of a supple- 
mental anesthetic usually guards against increasing the mental and 
physical discomfort of the patient 
In spmal anesthesia, 50 mg of ephedrine sulfate is given intramus- 
cularly prior to introducing the spinal anesthetic agent This acts as 
a prophylactic agent against the occasional fall in blood pressure that 
might occur followng injection of a spinal anesthetic solution 
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When moderate to marked falk in blood pressure occur pressor 
supportive drugs such as neosynephrine (3 mmims) or pitressm 
ephedrme mixture (pitressm 5 units ephedrine 25 mg) have been 
employed rouhnely intramuscularly and in rare instances intravenous!} 
in greatly reduced quantities In abdommopenneal resections under 
spinal anesthesia change from a supine to a hleral position frequently 
results m fall m blood pressure In order to inhibit these falls in blood 
pressure a mixture of 5 units of pitressm and 25 mg of ephedrme is 
admmistered mtramuscuhrly approximately fifteen to twenty nunutes 
before the conteraphted change in position 


POSTOPERATI\'E ftUNACEMEOT 


medication —At tlie present time it is die opinion of most anesthe 
siologists that the use of opiates has been greatly abused m post 
operative care in general and m bowel operations in particular Post 
operative medication may uifluence the convalescence Too httle re 
suits in unnecessary discomfort to the patient Too much unnecessarily 
depresses tlie patient and predisposes to pulmonary compbcations 
such as atelectasis or abdominal complications such as ileus with re- 
sultant distention Recent study has demonstrated that moipIuDe 


prostigmme has decided advantages over morphine alone for post 
operative pam relief Conclusions on the value of morphine prostig 
mine are as follows ( 1 ) die quantity of morphia necessary for paia 
relief after operation is approximately halved (2) the time interval 
from subcutaneous injection to relief of pun is shortened appreciably 
and (3) the duration of relief from pain is almost doubled 
An interesting clinical observation was made durmg the above 
study The surgeons nurses and patients commented on the early 
presence of gas pains These were frequently manifested on the 
second postoperative day This discomfort usually was relieved fay w 
sertion of a rectal tube With morphine alone tliese pains as a rule 
do not appear until the third day are vague and are accompanied by 
some degree of distention In many instances opiates were being ad 
ministered injudiciously for the relief of this prolonged discomfort 
In rare instances morphine xvas employed to induce sleep Tbis de 
cadedJy is an abuse Barbitunc aad derivatives are far supenor and 


considerably safer for this particular service 

Postoperative Complications —Of the many postoperative com 
plications that may arise three are of special interest to the anesthe' 
siologist (1) pulmonary complications such as atelectasw (2) 
tinal complicabons as distention and (3) vascular cOmphcalioiu 
thrombophlebitis in particular 

1 Atelectasis usually occurs in one of three forms massive or m 
volving an entire lung partial or involving one lobe and patchy 
lobular in nature involving many small areas within one or mo 
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lung fields. Considerations in the prevention of atelectatic complica- 
tions include frequent turning of the patient and urging him to cough 
up any accumulated fluids in the respiratory tree; cautious use of 
respiratory depressive drugs for the relief of pain or to produce sleep. 
The value of carbon dioxide as a preventive of complications is ques- 
tioned. 

When these conservative measures fail, immediate active measures 
should be instituted to remove the fluid.' The simplest method is as- 
piration of the secretions in the trachea. A fairly large urethral cathe- 
ter, 20 to 24 French, is passed into the larynx by means of a forceps 
under direct laryngoscopic vision. If atelectasis results from occlusion 
of an air passage, the most efficient and surest method of treatment is 
aspiration of the secretions in the respiratory passages by means of 
suction bronchoscopy. The best results are obtainable when the earli- 
est signs of trouble are noted rather than waiting until it has fully 
developed. 

2. Intestinal distention. In the past, 100 per cent oxygen was fre- 
quently employed for the relief of intestinal distention. At the present 
time the judicious use of the Miller-Abbott tube has more or less sup- 
planted the administration of oxygen. The rationale for the employ- 
ment of 100 per cent oxygen is that it reduces the nitrogen present in 
the intestinal tract by replacement with oxygen, an absorbable agent, 
because of the tendency of the body to bring about equilibrium of 
gases. 

3. Thrombophlebitis. Venous intravascular clotting is always con- 
sidered a special hazard in surgical procedures on the bowel when 
there has been considerable manipulation or if the operation is car- 
ried out in and around the iliac vessels. 

The three general types of venous intravascular clotting are super- 
ficial thrombophlebitis, phlebothrombosis and femoro-iliac thrombo- 
phlebitis or "phlegmasia alba dolens.” The clinical picture, prognosis 
and treatment of each type vary. Superficial thrombophlebitis is seen 
frequently in superficial varicose veins. Pulmonary emboli rarely fol- 
low thrombosis in a varix. Palliative treatment followed by saphenous 
ligation with retrograde and subsequent peripheral injections yields a 
high percentage of cures. Phlebothrombosis arises in the deep veins of 
the lower extremities. Clinical signs are usually vague until the pul- 
monary embolus ensues. Little to no inflammation is associated with 
this type of vascular clotting. It usually results in a loose clot, pre- 
disposing to ready dislodgment and resultant pulmonary embolus In 
this type the best treatment is early ligaUon of the femoral vein distal 
to the profunda branch. 

Femoro-iliac thrombophlebitis is the type of clotting thought to be 
the result of mechanical trauma to the endothelial lining of the vein 
bactenal invasion or chemical injury. The clot is usually fixed and ad- 
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herent to the vessel wall Chnically, the onset is usually sudden, with 
pain, leg edema, elevation of temperature or combmations of these 
symptoms Pulmonary emboli rarely arise from this type of thiom 
bosis It is best treated by a combinabon of anticoagulant therapy and 
paravertebral sympathetic nerve block * In most instances, the best 
results with the paravertebral sympathetic nerve block are obtained 
during the acute stage of the complication As a rule, daily blocks are 
employed until the patient s temperature returns to normal The ac- 
companying pain IS usually relieved by the first or second block The 
pyrexia and associated edema are usually relieved by the end of the 
third daily block In instances of chronic thrombophlebitis, the results 
of paravertebral s^mpithebc block alone have not been encouragmg 
The results are usually transitory and the initial disturbances return 
on the resumption of norma! activities At the present time medical 
anbcoagulant therapy plus paravertebral sympathetic nerve bloc! is 
the method of choice in the treatment of acute femoro iliac thrombo 
phlebitis complicating operations on the bowel 

SUAUUR\ 

The duties of the anesthesiologist m the management of anesthesia 
for surgical procedures on the bowel have been outlined Preopera 
tively, his primary interest is premedicabon The amount and rationale 
for premedicalion have been summarized Tlie choice of agents and 
methods for anesthesia has been reviewed Supportive measures en 
hancing anestliesia have been mentioned Methods for the prevenboo 
or treatment of operative or postoperative comphcations have been 
reviewed 
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THE USE OF CURARE IN ANESTHESIA 
Urban H Evehsole 


It is amazing that such a useful drug as curare should have re 
mained clinically dormant so long The existence of tins drug has been 
known since the latter part of tlie sixteenth century Apparently tlie 
first white man to observe the effects of the drug was Sir 'Walter 
Raleigh during his famous voyage up the Orinoco In the middle of 
the nineteenth century Claude Bernard experimented xvith this drug, 
confirming the observation that the paralysis it caused was due to 
interruption of the neuromuscular mechanism - From this time until 
the last decade curare was used very little except in the physiology 
and pharmacology laboratory In 1938, Richard C Gill, an Amencan 
who had lived for many years m the upper AmTzonnn jungles of 
Ecuador, brought back to the United States the first adequate supply 
of the drug the source of which was known, from which accurately 
assayed extracts could be made Before this there was great variation 
in the pharmacologic and physiologic effects of various preparations 
of curare Furthermore, there were numerous toxic side effects from 
this drug This was due to the fact that tliere was no uniform source 
from which the drug could be obtained A standardized preparation* 
of curare is now available 

As established by Claude Bernard the effect of curare is essentially 
tlie interruption of nerve impulses at the myoneural junction The 
action of curare at the myoneural junction is such that the muscle 
mil respond neither to mechanical stimulation of the nerve nor to 
the injection of acetylcholine Curare does not affect nerve conduc 
tion Search for a clinicTl application for this drug dates back many 
years As early as 1879 Hoffman admmistered the drug to control the 
seizure of tetany Apparently he used doses that were too large, he 
reported severe respiratory depression for which he performed tra 
cheotomy and artificial respuation Except for an occasional mention 
of the drug being tried for tetany, we find very little m the clinical 
literature concerning curare until Burman administered it m 1938 for 
the treatment of muscle spasm and rigidity m spastic paralysis and 
djstonn musculorum deformans In 1940 Bennett used this drug to 
prevent the traumatic complicaUons which so frequently accompany 
convulsive shock therapy He found that if the drug was administered 


• This drug is standardized to contain 20 mg of 
and is marketed in 5 and 10 cc ampules under the 
E R Squibb Company 


curare per cubic centimeter 
name of intocostnn by the 
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plane of inhalation anesthesia or die administration of a large dose of 
an intravenous anesthetic sudi as penlothal With the introduction of 
curare, wliat was once a most distressing occurrence during the course 
of an operation is now of minor importance A single dose of curare 
will usually allow the operation to be terminated and the abdomen 
safely closed with the muscles well relaxed Even when contmuous 
(fractional) spinal anesthesia is employed, we have used curare to 
great advantage tow ard tlie end of operation when all that is neces 
sary is a few minutes of relaxation so that the abdomen may be 
closed satisfactorily This has served to decrease the total amount of 
spinal anesthetic agent used 

Patients undergoing bronchoscopy or csophagoscopij oftentimes re 
quire general anesthesia Unless eUier anesthesia is quite deep tbe 
relaxation may be inadequate for these procedures Also, when pen 
tothal sodium is employed, e\en witli careful cocainization of the 
pharynx, lai^aix and trachea, profound respiratory depression may 
ensue before tlie patient is sufficiently relaxed for tlie surgeon to cany 
out the procedure w ith facility A combination of pentothal and curare 
has proved very satisfactory for these procedures Knight recommends 
a ratio of 2 cc of 2 5 per cent solubon of pentothal to 1 cc of curare 
for bronchoscopy and esophagoscopy Our experience has been that it 
15 necessary to increase the ratio of pentothal to curare to about 3 to 
1 instead of 2 to 1 Usually 8 to 12 cc of 2 5 per cent solution of 
pentothal combined with 3 or 4 cc of curare is sufficient to render 
the patient unconscious and completely relaxed without senous d^ 
pression of respiration It is advisable to spray the throat and trachea 
carefully with cocaine before administration of these agents to avoid 
the laryngospasm which so frequently accompanies manipulation m 
the throat under pentothal anesthesia 

More recently we have combined curare with pentothal in doses 
sufficient to decrease the amplitude of respiration to aid the surgeon 
during the resection of the upper thoraac portion of the sijmpatheUc 
chain for hypertension These operations are performed under spiral 
anesthesia with only sufficient pentothal to render the patient uncon 
scious The addition of curare will decrease the amplitude of respira 
tions during the resection of the upper thoracic portion of the ch^ 
It IS important to point out here that one must be very alert m 
use of this technic as these cases are fraught with danger of respua 
tory difficulties which follow tlie inadvertent opening of the 
cavity and, furthermore, should the initial dose of curare be sufficien 
to produce respiratory arrest, and it becomes necessary to institute sr 
tificial respiration, increased pressure incident to this 
render the surgeon’s work more difficult than if no attempt had bee 
made to decrease the amplitude of respiration . 

There is a very’ small group of pabents which I hesitate to repo 
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1 do SO only m the hope that more experience can be obtained Nsath 
them and tliat the results of the use of this drug ma> be better 
e\aluated Durmg operations tn the upper part of the abdomen, par- 
ticularly on the stomach, Jucctips sometimes are a most distressmg 
complication In a few instances m which it was impossible to stop 
the hiccups by the use of intra\enous atropine and carbon dionde, or 
with profound depth of anesthesia both with inhahtion and intra- 
venous agents, we have resorted to curare In most instances the re- 
sults have been most graUf>'mg Either the hiccups were stopped com- 
pletely or the> were rendered so feeble as to produce no disturbance 
to the operative field Undoubtedly, to obtain this effect the dose must 
have been sufficient to hav e considerable diaphragmitic effect In onlj 
one case out of slx, however, was respuatory arrest complete In all 
of these cases the amphtude of respiration w as considemblj decreased 
and oxygen was administered throughout the procedure 
As was stated before, practically the only dangerous complication 
with the judicious admimstrabon of this agent is respiratory depres 
sion or arrest The fact that the muscles supplied by the cramal nen es 
are the first affected, followed by the skeletal and abdominal muscula 
hire and finally by the muscles of respiration has been established by 
many observ ers ’ ® It has also been well demonstrated that there is 
a definite antagonism between curare and prosbgmme This has been 
borne out on numerous occasions by clinical experience Hence the 
pharmacologic antidote for curare poisonmg is prostigmine On the 
other hand, since the lethal dose with artificial respiration exceeds b> 
many times the lethal dose walhoul artificial respirabon and the effect 
of this drug IS so transitory, it would seem to be almost never neces 
sary to use a drug as an anbdote The pnme contramdicabon to the 
use of this drug is the absence of apparatus for estabhshmg a free 
airway and maintenance of artificial respirabon and personnel capable 
of carrying out these procedures 

Curare is now available in a standardized preparabon Techmes 
hav e been w orbed out for pracbcal application of die effects of this 
drug as an adjuvant to other anesthebc agents m the produebon of 
abdommal relxxabon The drug is also useful m certam other proce- 
dures, such as bronchoscopy and esophagoscopy, and to supplement 
spinal anesthetics that hav e terminated before the operabon is com 
pleted, and for certain procedures m which the work of the surgeon 
can be greatly facilitated b> very quiet respirations 
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THE PREOPERATIVE AND POSTOPERATIVE USE OF 
SEDATIVES AND NARCOTICS IN THE AGED 

Makuei. Kaufman 

The indiscriminate use of sedahves and narcotics m the aged is un 
desirable especially when one considers the types of operations which 
are likely to be performed Among the more common major proce- 
dures encountered are prostatic operations, reducible or strangulated 
hernia, cancer, mlestmal obstruction and arteriosclerotic gangrene of 
the extremities Cholehtliiasis and renal lilhiasis ore not uncommon 
Fractures, especially of the femur, ate often senous conditions 
In general, the lower level of hver and kidney functions which play 
such an important role in the breakdown and ehmmation of these 
drugs is responsible, in part at least, for the relatively poor tolerance 
to narcotics in the aged Careful selection of a drug m proper dosage 
IS desirable The ‘rule of thumb” that children and the aged do not 
tolerate large dosage is to be respected 
Barbiturates comprise the largest group of sedatives and have the 
same general type of depressant action on the cerebrospinal system 
In larger doses, these drugs act as hypnotics or soporifics Usually the 
hypnotic dose is three to four times the sedabve dose The oral route 
IS preferable, but intramuscular, intravenous or rectal administration 
may be necessary 

Barbiturates are readily absorbed from the gastrointestinal tract and 
are detoxified by the liver and excreted by the kidney Short acting 
barbiturates, such as seconal and cvipal, are almost completely de- 
stroyed m the hver Long acting drugs, such as phenobarbital and 
barbital, depend on the kidney for excrebon It is important, there- 
fore, to know the funcbonal capacity of these organs before barbitu 
rates are given Impairment of either organ may cause a cumulabve 
loxic eSecl from the use of the drug 

Phenobarbital, which is a long acbng drug, is largely excreted 
through the kidney but is detoxified in the hver Barbital, on the other 
hand, is uholly excreted through the kidneys unchanged These drugs 
should be used with caubon m the debibtated and advanced arteno 
sclerobc patient Symptoms of chronic poisoning are drowsmess 
weakness, speech impairment, disonentabon, confusion, skin erupbon 
and abnormal neurologic signs 

Generally, phenobarbital in doses of % to gram twice daily, is 
efficacious as a sedabve As a soporific, the dose may be increased to 
1 gram at bedtune Ipral calcium, a long acbng barbiturate, is a good 
hypnotic m dosages of 2 grams Amytal, an intermediate acbng drug 
may be gnen in doses of 1 to iy_ grams Seconal, in doses of H to 
715 
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% grim IS brief in its acbon, produces almost immediate sleep and 
does not leave any mental cloudiness 

The use of my barbiturate m hypnotic doses produces sleep within 
fifteen to sucty minutes As a preanesthetic drug the dose (ly, grains) is 
greater than that for hypnosis and less than that for basal anesthesia 

Barbiturates are given m a 2 5 to 5 per cent solution for use intia 
venously, intramuscularly or subcutaneously The intravenous rente 
entails danger and should be used only in emergencies and for sur 
gical procedures which reguire a brief acting anesthetic They should 
be given very slowly If evipal or pentothal is used a dosage of less 
than 7^^ grains is desirable Overdosage may cause respiratory failure 
and circulatory collapse 

Paraldehyde, a central nervous system depressant, has a wide mar 
gin of safety and should be used more often Its offensive odor should 
not prevent one from using the drug It is beheved that the liver plajs 
a role m the detoxification of paraldehyde Much is excreted through 
the lungs unchanged and very Lttle is excreted through the lddne)S 
hence its advantage in renal disease In chronic bronchopulmonary 
disease it may be irritating because of its excretion through the lungs 
As a hypnotic it is given m a dose of 4 to 8 cc orally Tlie unpleasant 
taste may be masked with chilled orange }uice The drug produces 
sleep m about fifteen minutes Respiration and circulation are not 
depressed m therapeutic dosage Rectally it is given in 3 to 5 dram 
doses muced with equal parts of olive oil and 1 cc of benzyl alcohol 
The mixture alleviates rectal irritation For intramuscular use 4 to 
8 cc is given every four hours It should not be combined with mor 
phine because of its toxic effects 

Chloral hydrate, which is inexpensive and effective, is readily ab- 
sorbed by the gastrointestinal tract and is detoxified in the liver and 
excreted by the kidney It produces sound sleep Used as a sedabve 
or soporific it is given in a dosage of to 1 gm Its unpleasant 
taste may be overcome by diluting it with milk water or syrup of 
orange TTie drug is contraindicated in severe liver, reml or cardiac 
disease 

Official U S P preparations of bromides are potassium bromide ca! 
cium bromide sodium bromide and ammonium bromide Combina 
tions of sodium potassium and ammonium salts may be useful for 
chronic sedation The av erage dose is 1 to 2 gm twice daily In tnf 
presence of dehydrabon debihtabon prostabsm and impaired ren 
function the preparation should be used with exbeme caution because 
bromide intoxication can easily develop . 

Morphirxe is the drug of choice for relieving pain It is a depress 
of the central nervous system Its narcotic action produces analgesr 
and sleep It is absorbed tlirough parenteral and oral routes 
proximately 90 per cent is slowly detoxified mainly by the hver ^ 
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per cent is excreted in the unne within the first four hours Very 
small amounts are eliminated in the feces 

Morphine should be given subcutaneously in small doses, ^ to 
gram, every four hours for alleviation of discomfort Atropme sulfate, 
gram ^oo. "^ay be combined with it to prevent undue depression 
of the respiratory center Morphme should be used judiciously in pa* 
tients who have debilitation myxedema, anemn or pulmonary em 
physema Secondary effects from its action may be delayed for several 
hours to days Larger doses cause mental confusion, respiratory de 
pression, anorexia, vomiting and ileus 
Codeine suJjate is about one sixth as potent as morphine and is 
largely excreted in the unne It may be given by mouth or subcu 
taneously in doses of 14 to % gram every four hours 
Dilaudid has the same margm of safely as morphme and can be 
given orally, subcutaneously or rectally The dose (^2 to gram) is 
one fourth to one fifth that of morphme and it has minimal hypnotic 
effect 

Pantopon has no advantage over morphme sulfate and is more 
expensive It has not been definitely proved that it produces less side 
reactions than morphine The dose is Yq to Yi^ gram by mouth or 
subcutaneously every four hours 

Demerol hydrochloride is a synthetic drug and chemically and phar 
macologically it resembles morphine and atropme Its analgesic, spas 
molytic and hypnotic actions make it unique Its analgesic effect is be 
tNveen that of morphme and codeine, and lasts for three to four hours 
Liver or ladney disease does not affect tolerance for the drug Demerol 
IS excreted through the kidneys It may be administered orally or in 
tramuscularly— 50 to 100 mg every three to four hours preoperatively 
and postoperatix ely The drug is absorbed in fifteen to twenty 
minutes 

Demerol has a fairly good range of safety and it rarely depresses 
respiration Untoward effects are dizziness, nausea and vonutmg 
weakness and syncope 

Tremor and convulsions may occur when doses are excessive and 
repealed often Demerol is a good substitute for morphine, therefore, 
it should have wider use in the aged 
Tile use of sedatives and narcotics m the aged has been discussed 
The importance of smaller dosages of drugs that are used is pomted 
out 
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out and stretched, and finally die fungating tumor mass makes its 
appearance Radical remo\al, if they are seen early enough, ma) 
brmg about excellent results However, recurrences appear in about 
70 per cent of the cases, with pulmonary metastasis According to 
Gross, they vary greatly in size, cell content and form, and are often 
seen in combination with osteoma, chondroma and hpoma The ongin 
of mammary sarcoma has long been a much debated and controversial 
subject, inasmuch as the breast is composed of epithehum and con 
nective tissue structures It is generally believed that the majority of 
cases of sarcoma of the breast arise m, or from, long standing benign 
fibro adenoma It is also true that the majonty of sarcomas of the 
breast are either adenosarcomas or fibrosarcomas 

Bishop, in his very excellent article on sarcomas of the breast, re- 
ported that m addition to the adenosarcomas and fibrosarcomas he 
has encountered other types such as the neurogenic sarcoma, bpo- 
sarcoma, osteosarcoma and chondrosarcoma, ^lymphosarcoma, mjo- 
sarcoma, angiosarcoma, and even melanoma Reports of neurogenic 
sarcoma are to be found in the literature, but their appearance is not 
hard to explain when one considers how nchly endowed the breast is 
with nerve tissue from which these tumors can ansc 

Bishop reported such a case of neurogenic sarcoma with a rather 
low grade of malignancy The myosarcoma or leiomyosarcoma prob- 
ably finds its ongm from smooth muscle fibers m and about the ducts 
and vessels The presence of bposarcoma can be traced to a prolifera 
tion of the young fat cells m the fat tissue of the breast or in a pi^* 
viously existing hpoma The recording of lymphosarcoma and Hwg 
kin’s disease usually calls for considerable questioning, inasmuch as 
lymph tissue is not found in the normal breast * ^Vhen such is found 
it is most likely a part of a lymphosarcoma process arising elseivbere 
in the body In evaluating the prognosis in a case of sarcoma of the 
breast, several factors should be taken into consideration Metastasis 
m sarcoma occurs much later than it does in cases of carcinoma and 
many of the tumors fail to show metastasis of any kind Their spread 
occurs chiefly by way of the blood stream Axilhry and supraclavicular 
nodes are seldom involved 

The relabve infrequency of metastasis to axillary lymph nodes has 
frequenliy been recordeH Cross, m a report of cases of vanow 
types of sarcoma, found the axillary lymph nodes involved m only ^ 
cases A much higher proportion of invasion of the axillary nodes hov^ 
ever, is recorded by other writers Secondary tumor implants are foun 
in the lungs, liver, pancreas, bone and in other organs None of our 
8 patients upon whom radical mastectomy was done showed invaaoo 
of the axillary lymph nodes j. 

Local recurrences appear m a very high proportion 1 

the recurring tumors are of a higher degree of malignancy than a 
of the original tumor ^ 
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If the lesion is seen early, it can be completely removed, and yet 
many sarcomas may remam undianged over a period of years Many 
surgeons advocate simple mastectomy m early cases of sarcoma of the 
breast, but it is the pobcy at the Climc, m view of the fact that axillaiy 
involvement does occasionally occur, to subject all patients to a radical 
surgical procedure In following such a meAod the instances of recur 
rence may be greatly reduced, and the opportunity for permanent r^ 
covery greatly increased 

In this group of 9 cases the left breast was involved in 5, the nght 
in 4 The side involved appears to have no significance 

Radical mastectomy was the operative procedure in 8 of the cases 
with simple mastectomy being used in the remaining one Axillary 
glandular involvement was not observed in any of these patients upon 
whom radical mastectomy was done The length of fame the tumor 
had been present ranged from three days to sue years One pabent, a 
woman aged 48, reported having had a pigmented mole on her left 
shoulder since birth, two years previous to coming to the Climc tte 
mole had been removed by electrocoagulation The microscopic diag 
noses on the cases reported were adcnofibrosarcoma, 6 cases, undif 
ferentiated sarcoma, 1 case, liposarcoma \vith intracanahcular adeno 
fibroma, 1 case, and melanotic sarcoma, I case (Table 1) 

On follow up study of these cases five years idter operation it was 
found that 7 of them had no evidence of local or general metastases 
One patient who had had a melanotic sarcoma succumbed six months 
after operation from a generalized metastatic process The nmth pa 
tient was operated on February 7, 1944, and to date has had no cn 
dence of recurrence 

SUXIXIARY 

Sarcoma of the breast occurs infrequently, and in a group of 1704 
cases of malignant disease of the breast (pathologic material) was 
found only 9 times 

Most cases arise from benign adenofibromas of the breast and, ther^ 
fore, all such tumors should be removed as early as they are noted 
upon exammation in order to prevent sarcoma from developing 

A small group of 9 cases seen m a period of fourteen years is xe 
ported Although invasion of axillary lymph nodes is infrequent, it 
does occur and radical mastectomy should be done with a thorougn 
dissection of all axillary nodes 
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CARCI^OMA OF THE BREAST: AN ANALYSIS 
OF 300 CASES 

Samuel F Marshall axd Norman N Forney, Jr. 

Carcinoma of the breast, like carcinoma of the female pelvic organs 
IS one of the most common forms of malignant disease occumng in 
women The U S Bureau of StatisUcs m 1942 reported 15,954 deaths 
from cancer of the breast and in 1943 the number very closely ap- 
proximates that figure, there being 16,140 deaths (Table 1) These 

TABLE 1 —CARCINOMA OF BREAST— MOKTAUTY U S BUREAU OF YTTAL 



STATISTICS 

No of 

Rate per 



Deaths 

100 000 

1943 


16140 

12 0 

m2 

Sex DisfnbuUon 

15 954 

119 


(1943) 

No of 
Cases 

Per Cent 

Male 


216 

13 

Female 


14 908 

98 04 


figures mclude deaths from cancer of the breast m males and females 
In 1943 there were 216 cases of carcinoma of the male breast, repre 
senting 13 per cent of the total (16,140) deaths Caremoma of the 
male breast, then, is not a common occurrence There have been 1693 
cases of carcinoma of the breast studied in the pathologic laboratory 
of the New England Deaconess Hospital, only 5 (03 per cent) of 
which occurred m the male breast This ^oup represents operated 
cases only (Table 2) 

TABLE 2 —MALIGNANT TUMORS OF BREAST— 1704 CASES FROM THE 
PATHOLOGY LABORATORY, NEW ENGLAND DEACONESS HOSPITAL 

No of 
Cases 

Sarcoma g 

Cancer m male 5 

Cancer m female ifls? 

Unrecorded 3 

In a prcMous communication from this Chmer a group of 196 pa 
tients mth cancer of the breast treated from 1926 to 1936 was analyzed 
and reported We thought it would be of value to attempt a brief 
723 
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analysis of 800 additional pabents treated in the Clinic since that 
report Sarcoma of the breast and patients who had had operation for 
cancer of the breast elsewhere before admission are not mcluded a 
this group of 300 cases This group represents a cross section of a 
somewhat larger group and consists of reports on those patients whose 
records were most complete It does not represent a group of pahents 
who were selected because of better results following operation 
This IS a prehminary report to a later analysis m which these h\o 
groups of cases will be combined in an effort to obtain a more com 
pleto and accurate follow up record in all these cases and thus give 
a report on final results m this combined group of cases 
We were particularly interested in the survey of this group of 300 
patients to consider the relationship of such factors as age, heredity 
and ferttUty to the occurrence of cancer of the breast Furthermore 
It IS of interest to analyze the symptoms and signs which brought 
the tumor to the attention of the patient and to give a brief analysis 
of our results of treatment 

As Boyd has pointed out, cancer of the breast js a disease of the 
inoo/ufmg breast, occurring most frequently at and after the meno- 
pause As reported by other observers and as was noted in emrpre 
vious analysis of 196 cases, the largest numbers of patients with cancer 
of the breast in this senes of 300 cases were m the fifth, swth and sev 
enth decades, as illustrated m Table 3, 271 patients, or 90 per cent, 
were 40 years of age or older 

TABLE 3 —ACE ChCIOENCE IN 300 CASES OF CABCLSOMA OF BRE-VST 

No of 


Years 

Cases 

Per Cent 

20-29 

5 

17 

30-39 

24 

80 

^0-19 

84 

280 

50-59 

91 

S03 

60-69 

67 

22 3 

70-79 

27 

90 

80 plus 

2 

07 


300 

100 0 


Cancer of the breast occurs any time after the age of 20 and m 
instances it has been reported before the age of 20 In this group 
cases occurred in women between 20 and 30 years of age It is evid 
then that lesions of the breast in young women should be taken sen 
ously until proved by pathologic examination not to be carcinoma 
Hereditary influence appears to be significant in various senes 
cases studied and reported In this group of 800 cases, 60 palien s ^ 
20 per cent, had close relatives who had had cancer in some 
this group of 60 with hereditary history of cancer, 10 or 16 6 per 
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gave histories of breast cancer in the family. This appears to be a 
relatively high occurrence of cancer in the family (20 per cent) but 
is in agreement with the report of a review of 2636 cases of mammary 
cancer by Ian MacDonald who found 20 to 30 per cent of his group 
to have a family history of cancer. ' 

The case histories of these 60 patients with family histories of can- 
cer were studied carefully to determine whether their cancer back- 
ground had any bearing on the end results of survival, recurrence, and 
so fortli, but no significant conclusion could be drawn in this small 
series of cases. 

From previous reports, hereditary influence appeared to e.\ist in 
5 to 10 per cent of cases studied from this approach to the problem, 
but Guleke, who proposed rather rigid criteria to classify these cases, 
reduced the hereditary factor to 2.36 per cent of tlie cases studied. 

The history of previous pregnancy in relation to cancer of the breast 
appears to be without definite influence. In the group of 300 patients, 
171 or 57 per cent had borne children, while 129 or 43 per cent had 
never been pregnant. As far as we were able to determine in this 
study, pregnancy had no relationship to the occurrence of cancer of 
the breast nor did it appear to affect the five year survival of these 
patients after operation. 

The most important single factor influencing the successful treat- 
ment of cancer of the breast is early diagnosis of such lesions and the 
early instiiution of treatment. Unfortunately, the interval beUveen the 
onset of symptoms and the discovery of a lump in the breast until 
operation was performed was frequently a considerable one. In this 
group of 300 patients coming to operation, the average time interval 
was 10.7 months. As noted so often with cancer arising in other regions 
of the body, pain or discomfort in the breast frequently drew the pa- 
tient’s attention to a lump in the breast, or at least this discomfort 
induced the patient to seek medical examination and advice. Too 
often, however, pain was evident only after advanced involvement 
of the breast or extension to the axillary nodes was noted. Too fre- 
quently the breast lump had been noted several months previously, but 
because it did not trouble the patient, she did not seek medical exami- 
nation. Again, in some cases, a history had been secured of examina- 
tion by a physician who assured the patient that it was "safe to watch 
it for a while.” One cannot emphasize too often that every tumor of 
the breast should he regarded scriotishj, regardless of the age of the 
patient, ami that the lump should be removed and immediate patho- 
logic examination made. Only in this manner can we hope to obtain 
better end results in the treatment of mammary cancer. 

The s>Tnploms and signs which first attracted the attention of the 
patient to a breast tumor are tabulated in Table 4. As xvould be ex- 
pected, the most common s>Tnptom was the finding of a mass in the 
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breast or tissue immediately adjacent to the breast tissue, occasion 
ally the patient may note a tumor in the axilla, without any discom 
fort noted in the breast itself In twenty four patients (8 per cent) the 
breast lesion was found on routine physical examination either at the 
Clinic or by the referring physician, illustrating the value to the pa 
tient of regular physical examination Under the symptom of pain 
were included descriptions by the patient of discomfort, heaviness or 
sore feeling, these are also such common symptoms m the noncan 
cerous breast that such complaints should always demand most care- 
ful examination of both breasts to rule out cancer This complaint 
probably accounts for lecording in the history of such a high number 
of patients ( 107 or 35 7 per cent ) who noted some type of pain 

TABLE 4 —SYMPTOMS AND SIGNS IN 300 CASES OF CARCINOMA OF BRIASr 


Lump uj breast 

No of 
Cases 
260 

Percent 

666 

Fain u> breast or adiacent tissue 

107 

357 

Axillary mass 

102 

340 

Retraction of nipple 

59 

163 

Discharge from nipple 

22 

73 

Ulcer on breast ^ 

17 

57 

Edema of arm 

8 

27 

Itching of breast 

3 

10 


In all patients admitted to the Clinic witli a diagnosis of cancer o! 
the breast or tentative diagnosis of caranoma of the breast routine 
roentgenologic examinatton of the chest is obtained A routine roent 
genogram of the bony skeleton is not obtained unless symptoms wg 
gest the possibility of bony metastases Careful abdominal and pemf 
examinations should also be made to rule out hver metastases and un 
plantation of secondary tumor in the pelvus Unless definite evidence ] 
of metastatic malignant disease cm be demonstrated other than o 
the axillary nodes, a radical mastectomy is performed on most patiw j 
If there is a fixed mass in the axilla, metastases to the lungs or bon' ^ 
skeleton, radical mastectomy is contraindicated Boentgen therap) 


offers the only method of controlling the g^o^vth 

In the Clinic, a bwpstj speamen is obtained in all cases of tumor 
of the breast and immediate pathologic examinabon made of a tKZ 
section Should the tumor prove to be malignant, radical 
IS immediately performed This includes removal of the 
major and minor muscles, together with thorough dissection o ^ 
axillary region It makes little difference what type of gnd 

ployed and frequently the type of incision has to be vane 
adopted to the position and extent of the lesion We most often 
the simple incision encircling the breast, with vertical extension' 
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and below the breast This incision permits adequate exposure and 
ready dissection of the axilla ^vlthout extension of the skin incision 
into the axilla or onto the arm This latter type of incision so often 
Urmts arm motion The transverse incision is also very useful and can 
be employed with advantage in certain cases 
In no case was roentgenologic therapy employed preoperatively It 
IS, however, employed almost roulmely in all cases posloperatively, 
except m elderly patients over the age of 65 who usually are not 
treated with roentgen therapy after operation 
Roentgen therapy is instituted at the time of the patient’s first visit 
to the Clinic for postoperative diessmg, ordinarily ten to fourteen days 
after operation A discussion of roentgen therapy postoperatively m 
cancer of the breast is given elsewhere in this volume by Dr Hugh 
F Hare 

TABLE 5 —TYPE OF OPERATION IN 300 CASES OF CARCINOMA OF BREAFT 



No of 



Cases 

Per Cent 

Badicsl mastectomy 

272 

888 

Simple mastectomy 

84 

112 

Total breast operations in SOO patients 

306 

200 0 


Table 5 shows that 272 breasts were removed by rcdicol mastectomy 
and 34 by simple mastectomy, making a total of 806 breast operations 
in 800 patients, 6 patients having had both breasts removed Simple mas 
tectomy was performed either because of the age and general con 
dition of the patient or as a palliative operation because the extension 
of die disease was such that it was felt that a radical procedure would 
be of no avail We wish to call attention again to the 163 patients in 
whom lymph nodes were involved We gave the percentage of patients 
with node involvement as 54 3 per cent of the total patients, although 
actually the percentage should be still higher smee, of course, no 
axillary nodes could be recorded for the simple resections If we, there 
, fore, correct this figure on that basis, it shows that in 59 9 per cent of 
the patients who had radical mastectomy the axillary lymph nodes 
were mvolved 

In this group of 300 patients submitted to operation, there were no 
operative deaths Operabon was performed on 153 patients over five 
years ago and 64 or 41 8 per cent, are alive and well In the group 
^ of 64 patients surviving over five years, 21 or 428 per cent, had in 

? volvement of the axilhry lymph nodes In the previous report^ of 

196 paUents, 38 6 per cent survived over five years This five year sur 
' vival figure includes the tumors with and without axillary node m 
- V olv ement This approximates the five year survival rate reported from 
e Other clinics, as follows Grenough and Simmons (Huntington Hos- 
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pital), 32 per cent Sistrunk and McCarty (Mayo Clinic), 36 percent 
and Lee (^^emorlal Hospital), 39 per cent We believe that whe' 
we obtain a more accurate follow up of the two combined groups thi 
figure of 41 8 per cent may shoav some improvement in the total fii 
year survivals When we further analyze the entire series the IS 
cases reported m 1938 and this present report of 300 cases the fi\e 
year survival is approximately 65 to 70 per cent of those in whom then 
was no metastasis to lymph nodes wliereas only approximately 18 1( 
20 per cent with ly-mph node involvement can be expected to sunw 
five years 

TABLE 6 —PATHOLOGIC FINDINGS IN 300 CASES OF CARCINOMA OF BREAS 
(306 BREAST OPERATIOVS) 


Breasts Per Cent 


Carcinoma simplex 

235 

769 

Adenocaremoma 

49 

161 

Intraductal caremoma 

5 

16 

Metastatic carcinoma 

3 

09 

Epidermo d carcinoma 

Chronic cystic mastitis vvalh early carcinomatous 

1 

03 

change 

1 

03 

Carcinoma type not stated 

12 

39 

306 

1000 


Table 6 gives the type of pathologic change noted m this senes d 
300 cases Boyd divided malignant tumors of the breast in genew 
into two pathologic types He stated tint the carcinoma may M 
spheroidal cell in origin arising from epithelium of the acini ana is 
a carcinoma simplex or it may arise from the epithelium of the ducts 
and xs an adenocarcinoma He slated that the proportion of epithelnl 
tissue to connective tissue may vary considerably and this gives rise 
to various types of carcinomT bsted as scirrhous medullary and so 
forth colloid degeneration may occur m any form resulting in coliod 
carcinoma It will be noted that carcinoma simplex is by far the mos* 
common type This is true m this group of 300 cases , 

In the group of 1693 cases from the pathologic laboratory or the 
New England Deaconess Hospital approximately 80 per cent wcr® 

CiSfCHTOmil SHTTpiVv 

SUVI'VIAnY 

An additional group of 300 operated cases of mammary cancer since 
the last report in 1938 is reported with a five year survival rate ^ 
41 8 per cent following radical operation Unfortunately the diagno^ 
of carcinoma of the breast was established too late m the aiseas 
the majority of the cases to improve materially the survival rate 
Radical operation in this type of malignancy can be done with m 
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mum risk as illustrated by no fatalities resulting after operation in a 
series of 300 cases Radical operation should be done earlier, is a safe 
procedure and it is hoped if done early enough before involvement 
of lymph nodes occurs, that it offers a reasonably high percentage of 
good results 
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RADUTION TREATMENT OF CARCmOMA 
or THE BREAST 


Hugh F Hahe 

Radiation treatment of carcinoma of tlie breast is used at the Lahey 
Clinjc either as a prophylactic measure following surgical removal c! 
tlie breast or as a palliative measure in the inoperable or recunent 
cases It has not been used as a method of cure without previous 
operation nor has it been used as a preoperative measure m an attempt 
to sterilize the malignant tumor 

There has been adequate therapeutic trial of the stenhzabon of tlie 
tumor bed by radiation and a more thorough attempt at stenlizabou 
of secondary nodular metastases as well as bone metastases Stenliza 
tion has rarely been noted even following intensive radiation It a 
important, therefore that we, as radiologists, use radiation for pal 
haUve purposes only and that we do not harm the patient by giving 
larger amounts of x rays than the normal tissues can tolerate 
With this in mind and with the advent of the shock proof apparatus, 
s plan of treatment was devised m 193J for the posiopcratiie tred 
ment of cancer of the breast to be used regardless of the seventy d 
the disease or the grade of the malignancy The treatment is st^w 
as soon as the patient becomes ambulatory and the heahng of the 
surgical wound permits In order to evaluate treatment, a routine 
meUiod wherem the treatment was given in the same way for cacb 
case was developed for prophylactic treatment , 

The breast axilla and supraclavicular space on the side invoivw 
were all treated using three separate portals The tissues to be freatw 
by this method were adequately covered with a 15 cm round cow 
anteriorly and a 10 cm cone laterally, and each portal was frcat ^ 
daily until 2400 r measured in air, was deliv ered, usmg the 
factors 200 k v p , 1 mm of copper and 1 mm of aluminum B 
tion, distance 50 cm , givmg each anterior portal 100 r units 
and the lateral 150 r As much care as was practical was taken c 
to treat the lung fields with the full quantity of radiation 
The value of radiation treatment cannot be given m terms o 
year survival without evidence of disease Many patients who 
hav e died durmg the first and second j ear after operation lived a 
fortable and useful life and were free of visible cancer for a o 
period of bme as the result of the radiation treatment This is m 
by the many patients who have not received routine postop 
radiation treatment for cancer and who hav e developed ear y 
ondary changes of malignancy 
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Radiation treatment for sccondanj viaUgnant disease was given for 
local recurrence in the breast area, for nodular disease in the axilla 
or supraclavicular regions, but no attempt was made to treat pul 
monary metastases unless there was an associated mtractable cough as 
a result of involvement of mediastinal nodes Liver and abdommal 
metastases were not amenable to palhation 
The quantity of radiation to be administered and the method of 
applying it depend upon the site If the lesion is a local recurrent one 
m the scar and limited to the skin an attempt should be made to 
eradicate it by giving superficial radiation to the skin A local recur 
rence may be adequately controlled by giving 3000 r, measured in 
air, m two divided doses of 1500 r each or by giving 2400 r, admmis 
tered at one application If the lesion measures more than 2 by 2 cm 
in size, the divided dose method is the most efficacious, as the degree 
of skin reaction is less and yet the end result is approximately the 
same It is necessary and important to include at least 1 cm of normal 
, surrounding tissue so as to include the surrounding lymphatics smee 
the lesion may spread by way of these lymphabes 
Bone metatases from carcinoma of the breast are frequently seen 
They are brought to our attenbon because of pam, and it is necessary 
that these pabents be treated for paUiabon Usually 1500 r delivered 
m divided doses will successfully reheve the pam of these lesions 
Bone metastases are osteolytic m the menstruating woman and may 
be osteolytic or osteoblastic after the menopause Following treatment 
^ of osteolytic bone lesions it is not uncommon to see them become 
osteoblastic in type and remain so for the remainder of the patients 
^ life When they do become osteoblastic they tend to remam asymp 
* tomatic for months or even years, so that it is advisable to follow each 
case wlh osteolytic metastases treated by radiation to determme the 
course of the disease in the bone 

It IS at the time of metastatic bone disease that the patient needs 
and IS entitled to die best of mental and moral cate To tell them that 
their case is hopeless does not help them, to tell them the truth with 
\c reservations has kept many people going and indeed happy We plan 
to discuss the condition of the patient with the family before institut 
^ mg therapy so that some responsible party is cognizant of the situa 
lion It IS up to the family members how much is told the patient 
because after all they are the ones who have to hve with and care for 
^ these people enty four hours a day 

/ Radiation castration has been most useful in some cases but should 
y not be used as a routine measure for patients who have not yet passed 
through the menopause For a few jears this metliod was tried with 
^ I out an> striking results as far as prevenlmg recurrence of mahgnant 
J f disease was concerned but m several cases the psychic shock of the 
ly abrupt menopause m addition to the loss of the breast and the almost 
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certain knowledge of the patients that they had cancer was too much 
for them These patients despite all attempts at prevention developed 
neuroses which were indeed difficult to handle We believe that radia 
tion castration should be used in certain well defined instances and 
when so used it is a remarkable palliative measure It should be used 
only m recurrent cases These patients should have pam in then meti 
static lesions which is more severe before and during the menstrual 
period if radiation is to be successful We have not seen any pabent 
helped who did not have aggravation of pain at the time of the 
menstrual period and therefore this is a good sign to follow It is 
advisable to explain to the patient at tlie time the radiation castrabon 
IS contemplated tliat sjTnptomatic relief if it is to be obtamed, uOl 
not take place for at least sixty days because the menstrual penods 
are not controlled immediately by radiation treatment 
The value of routine postoperative radiation treatment of carcmoma 
of the breast has been subject to question by numerous vvorken It 
may be that in the future this type of treatment may not be necesfi/y 
or may prove to be unsound With the present knowledge of mahs 
nancy however it does not seem advisable to discontinue it We we 
now summarizing our results for a ten >ear period and it isuponthwe 
results that we shall decide the advisability or inadvisability of wn 
tinuing routine postoperative treatment Regardless of this decisioo. 
radiation treatment is a valuable palliative procedure for inoperahie 
and recurrent malignant disease It is not a cure 
Radiation castration is a valuable adjunct to the treatment of mets 
static malignant disease of the breast in a small well defined group 
of cases 



the surgical aspects of obstructing 

LESIONS OF THE ESOPHAGUS 
HEBBEaiT D. Ad\ms 

The majority of obstructing lesions of the esophagus are now amen- 
able to surgical treatment or eradication. With improvement and 
standardization of teclinic and especially with specific measures to 
control the very hazardous infection associated Nvith esophageal sur- 
gery, there has been a corresponding improvement in results. Penicil- 
lin and sulfonamide have changed transpleural and mediastinal esoph- 
ageal surgery from a very dangerous procedure to one of relative 
safety. As a result, the technical problems of these procedures have 
been clarified and an increasing experience in this field obtained. A 
general review of the more common surgical conditions of the esoph- 
agus and their present surgical status is therefore presented. 

Since most of the important surgical diseases of the esophagus are 
obstructing in nature to some degree or other, there is a common 
symptomatology of varying grades and combinations of dysphagia, 
regurgitation and substemal pain and distress. These symptoms are 
of great significance since they frequently are due to such important 
clinical diseases of the esophagus as esophagitis, cardiospasm, diver- 
ticulum and carcinoma. 

Chronic esophagilis probably occurs in a higher incidence than the 
numbers actually diagnosed would suggest. Those with vague sub- 
stemal distress and sj-mptoms are overlooked and only those cases 
with an appreciable degree of dysphagia and regurgitation are diag- 
nosed by proper roentgenologic studies and esophagoscopy. The find- 
ings are dilatation, acute and chronic changes in the mucosa, varying 
degrees of ulceration, hypertrophy and fibrosis of the wall, wth and 
without stenosis, and cardiospasm. Some of the more severe cases may 
have no true stenosis causing obstruction but the symptoms of dys- 
phagia and regurgitation may be caused by an almost complete loss 
of function of the involved sections of the esophagus (Fig. 302). 

In those cases \vith true stenosis and associated stricture, the esoph- 
agus must be ver>' carefully and gradually dilated. In those patients 
whose general nutrition is badly impaired, a preliminary simple 
gastrostomy should he performed in conjunction \vith careful dietary 
management. Likemse, those patients with marked esophagitis who 
do not respond to these more conservative measures, and after an ade- 
quate but limited trial on dietary and chemotherapy regimen should 
have their esophagus put temporarily at rest by gastrostomy. ’ 
Corcfnoma must be ruled out by repeated examinations by esoph- 
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Fig 302 -Esophaguis with objlruction siwvuig Oie characteristic dear-cuti 
funnel Ll.e narrowing os compared wth the irregular filling defect of cateifloiM 
(see Fig 308) 
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agoscopy and numerous biopsies, as well as biopsies of lympb nodes 
from the vicinity of the cardia if the abdomen is opened for a gas- 
trostomy. The pathologic report of chronic inflammation is not always 
reliable since biopsy specimens from deeper or other involved tissues 
may show malignancy. A rare case of severe and long-standing esoph- 
agitis \vithout malignant degeneration may not respond to the con- 
servative measures of dietary management, dilatations, and gas- 





Fig 304.-Postenor mediastmotomy. Surgical approach for drainage of mediastinitis 
follo^vlng manipulabons of the esophagus 

trostomy, and will require transpleural resection, using the technic 
described for carcinoma of the esophagus at the various levels. 

Closely allied to this condition are the strictures due to ingestion 
of caustics, due to trauma and to cardiospasm (Fig. 303). All of these 
lesions have an twsociated varying degree of esophagitis which must 
be treated as well. Extremely careful, graduated dilatations must be 
done. Both the diagnostic esopbagoscopy and the subsequent dilata- 
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bons and manipulations are often fraught with serious danger If dur 
ing these procedures, or immediately thereafter, the pabent compliins 
of sudden severe pain in the bacK substemal or subcostal region, 
which persists and is accompanied by an immediate marked systemic 
reaction, a mediastmitis has been produced The mortality will be 100 
per cent unless immediate and drastic measures are taken to control 
it Massive doses of penicillin, that is, a continuous drip of 100 000 
units per liter of normal saline or 5 per cent glucose solution are 
started at once, and a dosage of 50000 units is given intrarnuscularly 
eiery two hours, m addition Drainage of the mediastinum by pos 



Fig SOS— Large pulsion lyiie diverticulum of the esophagus 

tenor mediastmolomy should also be performed as soon as possibly? 
This IS done through a right paravertebral incision resecting ^ 
proximal porbons and heads of the sixth, seventh and eigntn n 
and corresponding transverse processes, carefully remaining c . 
pleural by retracting the pleura from the bodies of the vertebrae an 
draining the mediastinum ( Fig 304) E\ en in a few hours the 
planes of the mediastinum will be greatly distended with thm p 
Early and effective drainage of this type plus massive doses of 
Im will save these patients and Uiey have little chance -jp. 

The remaining common, benign lesions of the esophagus whic 
duce obstructive symptoms are the dwcrticula The pulsion 
mg in the upper esophagus, is much more common 
eventually reaches a size produang obstructive symptoms 1 
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SUBCICAL aspects OF OBSTBUCnSC 
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COM CAR A 

Fig 509— First stag* resection of pulsioa esophageal divetticulum 
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the lumen of the esophagus immediately below that pomt is completely 
obstructed Figure 305 is a roentgenogram of a pulsion diverticulum 
Tlie pulsion diverticula are best operated on by a two-stage pro- 
cedure, the first stage freeing and elevating the sac, which overcotoes 
the esophageal obstruction, allows free dramage of the sac and sealing 
off of the fascial planes into the mediastinum At the second stage the 
actual resection of the sacis earned out (Fig 306) 



Fig 308 —Filling defect of a carcinoma of tlie middle tliird of esoph^J* 


Compare with Figure 302 

The traction type of diverticulum is usually found in ^ 
thoracic esophagus and rarely readies a size sufficient to cause 
obstruebve symptoms (Fig 307) The rare traction type that 
obstruction can be resected by an extrapleural posterior 
otomy approach or even by a transpleural approach, wtu 
pemcillm therapy in conjunction with it i, ffuj c 

Perhaps tlie most common obstructmg lesion of the 
carcinoma Increasing difficulty in swalloaving food is the ’ 

symptom and should always be investigated thoroughly by 
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genograms (Fig. 308), esophagoscopy and biopsy. Cure by surgical 
resection can be accomplished in early cases. The close anatomical 
proximity of many other vital structures to which there is an early 
itr -2 direct extension will, however, preclude resection and, in addition, the 
rich lymphatic bed in this region is conducive to rapid and early 
•iiL lymphatic spread which also makes resectability relatively lo\y. This 
makes it even more essential that the earliest symptoms be investi- 



^ Fig. SOO.—Besection through the left thorax for carcinoma of the lower two- 
thirds of die esophagus, a, MobUizaUonof esophageal tumor and stomach; b, method 
of anastomosis. 

J gated adequately. Improved technic and penicillin have lowered the 
Jj operative mortality to a very satisfactory level. 

The surgical appioath to carcinoma of the esoph.agus necessitates 
lesions be divided roughly into those involving the lower 
jirjil' half and upper half of this structure. In those involving the lower half 
, a left transpleural exposure is done. If the lesion is resectable intes- 

Unal continuity is estabUshed by bringing the stomach up through 

We 
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the diaphragm and anastomosing the stump of the esophagus to tlie 
top of the fundus of the stom'ich (Fig 309) This is a very satisfacfoi) 
operation and has given good results 



■ / ■. 1 




Fig 310 —Resection through the nght thorax for carcinoma of the UPP® 
of the esophagus a. Exposure of esophagus by hgation anti section of L ^ 
vein b, Antcthoracic esophageal niealuscs— die upper stoma 
stage of resection the lower stoma established at a later stage c, COTStru 
an antethoracic skin tube connecting the upper and lower esophageal sti® 


The management of caranomas of the upper half of tlie 
is less satisfactory because of the impossibility of r^establisw^o 
rectly the continuity of the gastrointestinal tract For the same re ^ 
there is still considerable variation in the approach and q{ 

surgical procedure It is zny opinion that the plastic tubular tJF 
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gastrostomy (Janeway and Beck-Jianu) should not be used as a pre- 
liminary stage since it is too much of a surgical undertalang for these 
debilitated patients, coming even before the difficult and long trans- 
thoracic resection stage is done In addition and equally as important, 
this type of gastrostomy does not produce a good functioning stomach 
or a nonleaking stoma, and does not lend itself well to subsequent 
antcthoracic artificial tubes and especially skin tubes I prefer to do a 
simple catheter gastrostomy under local or spinal anesthesia, carefully 
examining and takmg a biopsy specimen of the cardiosubdiaphragmatic 
nodes for abdominal metastases If these nodes are negative, two to 
three weeks after the preliminary simple gastrostomy and after im 
provement m nutrition and the general condition, a second stage is 
carried out 

The second stage (Fig 310) consists of a right transthoracic resec- 
tion, ligating and sectioning the azygos major vein, resecting the in- 
volved esophagus, turning m carefully the lower stump and brmgmg 
out the upper end in the cervical region as the upper stoma The pa- 
tient is then sent home for a number of months, continuing on his 
gastrostomy feedings, and may swallow liquids by inserting a tube in 
his upper esophageal stoma and connecting it with his gastrostomy 
tube When he has regained normal wciglit and health and if the 
lesion was favorable at resection, the patient returns to the hospital 
and the abdomen is reopened, the simple gastrostomy is closed, the 
stump of the esophagus mobilized from below through the esophageal 
hiatus in the diaphragm, cutting some of the vasa brcvii but preserv- 
ing the left gastric artery, and bringing the stump of the esophagus 
up into the wound to form the lower esophageal meatus By this pro 
cedure a good functioning stomach is maintained, a nonleaking stoma 
IS produced, with an esophageal stoma above and a similar esophageal 
stoma below These lend themselves well to management either by 
the intermittent use of an artificial large tube or later to an antethoracic 
plastic skin tube ■ 

SUMMARY 

As a group, the obstructing lesions of the esophagus have the com- 
mon symptomatology of dysphagia, regurgitation and substemal dis- 
comfort All patients with these symptoms should have early, adequate 
study, including careful roentgenologic examinations, esophagoscopy 
and biopsy when indicate^, Careful, staged, surgical treatment in con 
junction with adequate penicillin therapy will cure many of these 
patients 
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A Clinical Report of 34 Surgically Treated Cases 
Ralph Ad^j^is and William F. Lee, Jr. 

Pare, in 1579, reported a case in which the patient had a penetnt 
mg wound of the chest and died of an obscure abdominal disorder 
Autopsy revealed a laceration of the diaphragm with hemiabon of 
abdominal viscera mto the thorax In 1798 Cooper wrote a monograpt 
on hernia and reported several cases of diaphragmabc hernia 

Some degree of herniation of abdominal viscera through the du | 
phragm now is known to occur in about 2 per cent of all pabeitb j 
eramined roentgenologjcally’ for gastrointestinal complamts The id j 
cidence of this condition has increased apparently during the past 
fifteen or twenty years Rendich, in 1924, reported an incidence of j 
0 04 per cent m a senes of 5033 cases examined, Uus percentage bem? j 
consistent with others at this time However, Levy and Duggan u 
1041, reported an incidence of 2 1 per cent in 1220 cases exatmnei 
This trend has been reported by others* ** ** ** in reviemnj 
larger senes of roentgenologic examinations of the gasbouiteshDi* 
tract, and has been in accord with the findings at the Lahey Cbwe 
Prior to 1940 8 patients were operated upon for diaphragmatic heron 
(a period of fourteen years) From 1040 through 1944, 26 patients 
were treated surgically Harrington,® at the Mayo Clinic, reported the 
same apparent increase in this condition Probably this apparent in 
crease in mcidence has been brought about by the development " 
roentgenologic methods of diagnosis Thus, diaphragmatic hernia cu 
become recognized as an entity of frequent enough occurrence to 
rant consideration when one is faced with the problem of treaCme 
a patient xvith gastrointestinal symiploms It is with that fact m i^ 
that this reviexv of the subject is being mitten and a summary of 
cases presented 

ANATO^iy 

The diaphragm m man consists pnminly of the septum 
which in the embryo stretches from ventr'J and lateral body 
the ventral wall of the foregut On either side of the foregut tber ^ 
left a pleuroperitoneal canal, through which the 
pleuroperitoneal cavities commumcate These canals are closed 
development by the pleurc^encardnl membrane cephalad 
the pleuroperitoneal membrane caudad Thus, the peritoneal p 
and pericardial cavities are segregated Growth of the hver 
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rapid and this organ carries some derivatives from the body wall to 
augment the diaphragmatic structure. The origin of the striated 
muscle of the diaphragm is not definitely settled. The classical Aeory 
as described by Bardeen in Arey s Developmental Anatomy is that 
the muscle originates from a pair of premuscle masses lying opposite 
the fifth cervical segment in the 9 mm. embryo-the level at which 
the phrenic nerve enters the septum transversum. These muscles fol- 
low the descent of the septum. Bremer, however, suggested that the 
muscular parts are formed by the burrowing of the expanding pleural 
cavities into the body xvall so that the inner layer of muscle and fascia 
IS stripped off and this layer then forms the peripheral part of the 
diaphragm. It is apparent that this structure with its complicated 
derivation cmbryologically will be most subject to anomalous changes 
resulting in actual hernias or weaknesses through which hernias may 
develop. 

In considermg the different types of diaphragmatic hernia, an 
embryonic defect'' can be postulated for nearly all types except die 
traumatic (Table 1). The most common type in adults, the esophageal 


TABIX 1.— TYPE OF HERNIA 



Kumber 

Fer Cent 

Esophageal hiatus 

. 22 

6-17 

Foramen of Bochdalek 

5 

14 7 

Traumatic hemia . 

4 

11.8 

Foramen of Morgagni 

3 

88 

Total . 

54 

100 0 


hiatus hernia, is developed in an enlarged opening through the diaph- 
ragm about the esophagus, as a result of the failure of the last step in 
the closure of the pleural passage This closure is effected by the 
groivth of a diin strip of liver and septal extension to join the medi- 
astinum. Herniation through the pleuroperitoneal membrane or fora- 
men of Bocbdalek is prone to develop in case of failure or weakness 
of union be^veen the septum transverum and the pleuroperitoneal 
membrane. This defect usually runs from the centrum radially toward 
the body wall, depending upon the extent to which the edge to edge 
union of the structures may fail to occur or break down Herniation 
throu^ the parasternal orifice, or foramen of Morgagni, occurs less 
frequently. Here the weak point is the interval between the tendinous 
fibers from the ensiform cartilage and the cartilage of the adjoining 
ribs. If the inserUon into the seventh rib is deficient, this hernia may 
become quite large ^ 

Traumatic hernia occurs either from direct or indirect trauma to the 
diaphragm. Direct injury by a penetrating missile or tissue destruction 
> hy infection and abscess may create a defect through which abdominal 
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Viscera are able to pass Indirect injury occurs in crushing blows on 
the abdomen thus increasing pressure in the abdomen and sometimes 
forces viscera through the diaphragm 

PATHOLOGY 

The principal pathologic finding m diaphragmatic herma is the dis 
placement of abdominal organs from the abdomen into the thorax 
This may be extensive as in one case (J J R ) m which the liver 
trans\ erse colon omentum and small bowel were found to be withm 
the thorax or ma) include only a portion of the omentum as occurred 
m anotlier case ( M P ) in which omental bssue protruded througli 
the foramen of Morgagni 

Secondary phenomena may occur such as chronic pepbc ulcer of 
the esophagus particularly in tlie case of a hiatus hernia with a con 
genitallj short esophagus Sahler and Hampton reported a senes of 
221 cases of hiatus liernia of which 32 cases had either marled 
anemia or a positu e history of bleeding from the gastrointestinal tract, 
suggesting gastritis or ulceration of the herniated fundus of the 
stomach Three cases in tins senes of 34 had a history of hematemesis 
All of these were hiatus hernias with the fundus of the stomach above 
the diaphragm but in none of them was an ulcer demonstrated h 
has been noted by many observers that duodenal ulcer cholelithias s 
and other disorders may ocair coincidentally with diaphragmatic 
henna It is of great importance to bear these possibilities m mmdat 
the operating table Also even lliough actually the cause of the po 
tients complaint the symptoms of the hernia not infrequently Simula^* 
those of gallbladder disease duodenal ulcer or gastritis 

It IS likely that some factor other than a congenital weakness is nec- 
essary to produce a diaphragmatic hernia First to be considered is 
the presence of a marked difference in pressure between the abaoroen 
and thorax This becomes obvious in the case of traumatic henna 
following abdominal injury or diaphragmatic hernia during 
as reported by Rigler and Eneboe In the latter group the auth ^ 
reported disappearance of the hernia on postpartum examination u 
large percentage of the cases ,tf 

It is believed that the elasticity of muscle tissue 
esophageal hiatus decreases with advancing age (Table 2) u 
such relaxation would explain why diaphragmatic hernias are 
most commonly in patients in the fifth and sixth decades of 
tension exerted by a congenitally short esophagus'* may 
the elevation of the stomach through the hiatus in this type or ^ 
It should be remembered however that a preoperative 
a short esophagus is rarely confirmed by the operative finding ^ 
sion IS exerted also by adhesions between abdominal viscera ^ 
hernia sac Thus omentum may become adherent to a hernia 
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the dnphragm and gradually more and more omentum becomes pulled 
mto the defect, to be followed by the colon and other \iscera 


table 2 —age of occurrence 


Decade, 

years 

Number 

Per Cent 

20-29 

S 

8 8 

30-59 

3 

88 

40-49 

12 

353 

50-59 

10 

29 4 

60-69 

6 

17 7 

Total 

34 

TooT 


Average age 485 years 
Mean age 49 years 


In nearly all cases there is probably a combination of congenital 
defect plus the aforementioned factors to produce diaphragmatic 
henna 

SYMPTOSIS AND DIAGNOSIS 

The variety of s>'mptoms associated with diaphragmatic hernia at 
times presents a complex problem in differential diagnosis In gen 
eral, howe\er, the s>'mptoms are caused either by interference wth 
the functions of the organs in tlie hernia or of organs displaced by the 
hernia Inasmuch as some hollow viscus is nearly alwajs involved in 
the hernia obstruction of that mscus may occur, either partially or 
completely Thus, in the case of the hiatus hernia mvolving the fundus 
of the stomach, the patient regurgitates food or has pam after eat 
ing Increasing and obstinate constipation may occur m hennas in 
V olving the colon 

Interference with the functions of organs displaced by the hernia 
does not occur commonly except in large hennas displacmg a large 
amount of lung tissue or the heart The congemtal hernias desenbed 
by Ladd and Gross illustrate the extreme degree of pulmonary com 
pression m infants m whom the presenting symptom is c> anosis, caused 
> pnmanly by usurpation of thoracic space by abdominal viscera In 
) the 4 cases of traumatic diaphragmatic henna reported here, dyspnea 
was a prominent symptom because of the large size of the hernia and 
J consequent embarrassment of pulmonary funebon Unless the pos 
sibility of diaphragmatic hernia is borne in mind, many cases mil re 
1 ceive an incorrect diagnosis because of the possible vanabons and 
s nonspecific symptoms This type of hernia is a great masquerader and 
i often simulates coronary disease cholelithiasis, pepbc ulcer^ and Inns 
^ tumor ® 

j In this senes of cases the most common complaint was pain in the 
epigastrium or lower chest (Table 3) The pain usually followed the 
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TABLE 3 —SYMPTOMS 

Pam m epigastrium or lower chest 
Dyspnea 
Hematemesis 
Con.bpaLon 
Regurgitation of food 
Total 


Number Per Cent 
23 676 

5 147 

3 83 

2 53 

J. 33 

34 1000 


ingestion of food or occurred dunng meals In a fe\v cases tomitmg 
rebeved the pain Recumbency was reported as a pam aggravating 
factor in only 1 case Dyspnea was the second most prominent S)Tnp- 
tom Into this group fall the 4 traumabc hernias in the senes as well 
as 1 pabent with a large omental hernia through the foramen of 
Bochdalek. All of these patients complained of chest pam as well as 
dyspnea Of the 3 patients prescobng a history of hematemesis 1 
vomited blood only once, three days before admission, while anollier 
had had repeated hematemesis dunng the six months pnor to admis- 
sion Constipation was reported in only 2 cases One pabent wa$i& 
able to swallow solid food In nearly all cases the patient complamn 
of "indigestion " This was described as a full feebng sour taste, beld 
mg or heart bum 

As can be seen from the foregoing discussion, there is no one diag 
nosbc symptom associated with diaphragmatic hernia The diagnosis 
should not be made without roentgenologic examination of the 
intestinal tract Properly done this examination xviU reveal a IrS^ 
percentage of the henna defects present In the senes reported here 
the diagnosis was accurately made preopentively by roentgenolopc 
examinabon m 32 cases or 94 2 per cent In the remaining 2 cases the 
hernias preoperabvely were thought to be pulmonary lesions bccaw' 
they appeared to he in the lower lung fields and only omentum was 
contained in the hernia No banum was seen to enter the hernia od 
careful examination and consequently the diagnosis of diaphragmatic 
hernia was not made 

TABLE 4 —CONTENT OF IIERNIA 

Number 

Slumada aVeme or stomach and otnenXum W 

Stomach and colon with or without omentum 9 

Colon and omentum alone 3 

Omentum alone 2 

Stomach colon small bowel and omentum t 

IJver, colon small bowel and omentum 

Total 34 

The physical examination is of very little assistance m the 
of most diaphragmatic hernias In those in which the thorax 


Per Cent 
52.9 
265 
88 
58 
30 
^30 
1000 
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a large abdominal viscus, the physical signs of dullness, absent breath 
sounds, or inspiratory borborygmi may be elicited over the chest. 
These findings are more common in infants with congenital lack of me 
left diaphragm and in cases of traumatic hernias with extensive 
diaphragmatic injury. 

The use of the esophagoscope as a diagnostic aid has been advo- 
cated by Guthrie and Jones, especially in the presence of gastroin- 
testinal bleeding. It has not been employed in the study of this series 
of cases. 

TREATMENT 

Only the surgical treatment of diaphragmatic hernia is under dis- 
cussion in this paper. It must be borne in mind, however, that there 
are vast numbers of patients wlh definite roentgenologic evidence of 
diaphragmatic hernia who are relieved of their symptoms by con- 
servative measures alone.® Levy and Duggan reported such a series 
of cases treated medically, with good results. Surgical treatment is 
necessary if the hemia is causing bleeding, with anemia or symptoms 
which incapacitate the patient (Tniesdale). 

In the surgical repair of the diaphragm two technical principles 
merit emphasis. First, in reducing the hernia, all attachments between 
the abdominal viscera and the hernia sac should be divided. If there 
is no sac, the adhesions between viscera and pleura must be released. 
Second in repair of the diaphragmatic defect, simple closure with in- 
terrupted nonabsorbable sutures in two layers usually is adequate. 
In large defects such as occur with traumatic herniation, it may be 
necessary to use muscle or fascia flaps, as described by Rives and 
Baker. There were no cases in the series reported here in which this 
was felt to be necessary. 

Interruption of the phrenic nerve to relieve symptoms related to 
diaphragmatic hernia has been used by many surgeons. Its use is 
limited to palliation in those cases in which surgical repair of the 
diaphragm is contraindicated. Harrington® reported 18 cases in which 
phrenic interruption was done therapeutically. Over half of these pa- 
tients later required a further surgical procedure for relief. Personal 
experience with phrenic interruption for this purpose has been limited. 
One patient in the series of 34 had phrenic interruption alone, with 
complete relief of symptoms for at least one and a half years. In 1 
other patient the phrenic nerve was crushed with the hope that further 
operation would be unnecessary. However, she obtained no relief and 
after Uvo weeks the diaphragmatic defect was repaired. In 2 other 
patients crushing of the phrenic nerve was used in conjunction with 
repair of the diaphragm. 

The choice between a transperiloneal or a transpleural approach for 
repairing diaphragmatic defects is largely a matter of personal pref- 
erence by the surgeon. In all cases of traumatic or recurrent di- 
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aphragmatic hernia tlie transpleural approach is recommended to 
facihtale the reduction of the hernia and the release of the numerous 
dense adhesions usually found in tliese cases, as illustrated by a case 
(J J R ) of traumatic hernia with a large tear m the right diaphragm 
ITie liver, transverse colon, small bowel and omentum were in nght 
hemithorax An abdominal inasion was made and it was found to be 
impossible to reduce the hernia without injury to the pleura or lung 
Itself Through a transpleural incision the reduction was readily accom 
plished The incision m 6 cases was transpleural, in 26 cases trans 
peritoneal, in 1 case combined, and in 1 case a phrenic mtemiptioD 
only was done 

The preparation for operation of the patient with diaphragmatic 
hernia requires only the usual measures tali.en for any other electi\e 
abdominal operation, with one exception Many patients %vith dia 
phragmatic hernia are obese It is necessary, therefore, for these pa 
ticnts to lose enough weight so tint exposure of the diaphragm is 
made feasible In occasional cases this is accomplished by the condi 
tion itself The patients ha\e pam after eating, develop a food fear 
and present themselves for treatment after having lost an appreciable 
amount of weight Tlie treatment of anemia, malnutrition, or olber 
associated conditions is obviously of importance 

In the postoperalixe period pulmonary complications must be car^ 
fully watched for and treated, if they develop The intrapleural an 
should be aspirated at completion of the operation to prevent medias 
linal shift and respiratory embarrassment Associated with trauma to 
the diaphragm or lung, pulmonary atelectasis may occur, with re 
tamed mucus and poor aeration Bronchial aspiration is die most 
efficient method for relief of postoperative atelectasis Occasionally 
aspiration and lavage of the stomach are necessary for relief of dis 
tention 

Subsequently, pleural effusion may develop and it should he 
moved with an aspirating needle In 1 case an empyema developed 
postoperatively The empyema healed promptly after drainage, and 
the patient has since been well 

RESULTS 

The results in the senes of 34 cases are depicted in Table 5 On® 
patient died suddenly of a pulmonary embolus on the fourteenth po^i 
operative day Of the 5 patients living with roentgenologic 
of recurrence, 1 has required resection of a duodenal ulcer, ana 
is now symptom free Another patient now has roentgenol^c en 
dence of a hernia, 2 by 4 cm , but is relieved of symptoms 
the group of 30 patients on whom there is a postoperative j 

record of at least six months m duration, 25 have been reueve 
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TABLE 5 —RESULTS 

No of Cases Per Cent 

Well without symptoms or x ra> evidence of hernia 
for 6 mos or more 24 70 6 

Livmg wth X ray evidence of recurrence 5 14 7 

No recurrence but persistent symptoms 0 0 0 

Hospital deaths (pulmonary embolus, 14 days) 1 3 0 

Later deaths 0 00 

No follow up ^ 11 7 

Total 34 100 0 


Patients Well svithodt Symmoms on X-rav Evidence of Recuiwence 


Length of Tune 
follosving Operation 
6 months 

1 to 2 years 

2 to 3 years 

3 to 4 years 
Over 4 years 

Total 


Number Per Cent 
4 117 

8 235 

4 117 

3 88 

5 ^ 

24 704 


symptoms and hemia, 2 are symptom free with recurrent hernia, and 
3 were not relieved of symptoms 

SUMMARY 

A short summary of the embryology and anatomy of tlie dnphragm 
IS presented which shows the complex origin of that structure Because 
of this complexity, diaphragmatic hernia is not uncommonly found 
through areas imperfectlj closed during fetal development The path- 
ology IS discussed, with some suggestions as to causation of the 
hernia A review of 34 surgically treated cases of diaphragmatic henna 
IS reported, with comments upon die symptomatology, diagnosis and 
treatment of this disorder 

CONCLUSIONS 

1 Diaphragmatic hernia occurs in about 2 per cent of all pahents 
examined roentgenologically for gastrointestinal disease 

2 The most frequent site of diaphragmatic hernia in adults is the 
esophageal hiatus— 64 7 per cent in this senes 

3 Diapliragmatic hernia is most often demonstrated in obese pa- 
tients m the fifth and sixth decades of life 

4 The organs most often contained in diaphragmatic hernia are 
stomach and colon 

5 Symptoms are related to the organs involved in the hernia or 
to organs which have been displaced by the hernia 

6 Surgical repair of the diaphragm ma> be effected transpleurally 
or transpentoneally The transpleural route is preferred in recurrent 
or traumatic hernias 
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7 lo 3^ cases treated surgically the mortality was S per cent 

8 Diaphragmatic hernia often js the explanation of gastrointestmal 
sjTOptoms and a diagnosis may be made by careful roentgeot^opc 
study in nearly all cases 
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THE PROBLEaiS OF GASTKOJEJUNAL ULCER WITH 
ILLUSTRATIVE CASE REPORTS 


Samuel F. Mahsiiall 

Gastrojejunal ulcer occurs so frequently tliat it seems worth 
while to consider some of the factors associated in its production and 
especially to consider those measures from the standpoint of tlie sur- 
gical procedure employed which migirt aid in the prevention of such 
recurrent ulcers. That recurrent ulcer is a frequent occurrence is ex- 
emplified by the fact tliat 69 cases of recurrent ulcer occurring after 
some type of gastric operation were met unth in a series of 289 
consecutive cases in which resection was performed for ulcer in the 
Lahey Clinic over a period of five years, 1941 to 1945 inclusive. In 
other words, approximately 1 in 4 patients requiring operation for 
peptic ulcer over a five-year period had had some form of operation 
for peptic ulcer which resulted in failure, that is, the production of 
recurrent ulcer. It is only fair to slate that in 5 instances in these 69 
cases of gastrojejunal ulcer the initial operation was done in the Clinic. 
It is evident from those figures that the problem of gastrojejunal ulcer 
is a considerable one and ever>' effort should be made to employ such 
an operation in the treatment of peptic ulcer and in particular of 
duodenal ulcer which would effectually prevent such a serious com- 
plication. 

From the outset it must be conceded tliat gastrojejunal ulcer xvill 
occur in a limited number of cases, no matter what tj'pe of operation 
may be employed, but it should be our endeavor to keep sucli a 
recurrence rate at a minimum. Reports from various ^^Tite^s wth con- 
siderable e.xperience in this field very clearly indicate some factor 
which contributes to the development of gastrojejunal ulcer and only 
recently (1945) Lewisohn® emphasized the importance of adequate 
and well planned resection of tlie slomacli for duodenal ulcer. 

From an analysis of this group of 69 gastrojejunal ulcers it is appar- 
ent that three tj-pes of operation were possibly in^’olved or contrib- 
uted to tlie production of gastrojejunal ulcer. These were as follows: 
gastroenterostomy, the Finstcrer operation, allowing the ulcer to re- 
main in situ, and finally, an inadequate partial resection of the stom- 
ach. In this series of 69 cases there were 8 gastrojejunocolic fistulas 
which, of course, resulted from perforation into tlie colon of a gastro- 
jejunal ulcer, the most serious complication of ulcer encountered All 
these fistulas occurred after gastroentcrostomj’. There were 4 cases in 
n-hich fistula followed the Finsterer exclusion operation and in 5 other 
751 
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cases it occurred after \ very m'ldequate gastric resecbon In the 
remaining 60 cases fistula occurred at varying periods after gastro 
enterostomy In a previous communication from this Clinic, the htera 
ture on gastrojejuna! ulcer has been reviewed® at length the factors 
involved from an etiologic standpoint have been discussed fully 
Our purpose in this paper is to discuss the problem from the 
standpoint of the effect of an) of the tliree operations listed previ 
ously m producing ulcer and to cite some illustrative examples 
Gastroenterostomy has been emplojed w ith decreasmg frequency in 
the Lahey Chmc as i routine metliod of surgical treatment of peptic 
ulcer It IS our custom to apply the operation of partial resection with 
few exceptions to cases of peptic ulcer in which operation is required 
In 1925 Lcwisohn * in a careful follow up study of lus patients 'iftcr 
gastroenterostomy found gastrojejuml ulcer m 34 per cent of cases 
pet cent were defmUoly proved at operation This rate is very 
high and probably represents die extreme, yet is illustrative of the 
very considerable danger of recurrent ulcer after gastroenterostomy 
That Uierc were GO cases in whicli operation was required followim; 
gastroenterostomy m a five year period is at least reasonable evidence 
of the too frequent occurrence of this complication Gastroenterostomy 
is a \ aUiable procedure it is true, in a few carefully chosen eases but 
in our experience it is almost certain to result m recurrent nicer la 
young individuals or even in older patients « ith high acids or vviffi 
an active ulcer present at the time of operation It would therefore 
be wise to restnet its use to those cases in which there is marl.ed scar 
tissue obstruction of the pylorus m other words tlie end result cf 
active ulcer vvith accompanying low acid values, or to those cases m 
which It IS expedient and necessary from the standpoint of high nsl 
involved to do a less radical procedure 


Case I^A man aged 57 came to Ihc Chmc Januajy 24 1940 He had idcer 
distress for a penod of twenty years Posterior gastroenterostomy was done for a® 
obstructing duodenal ulcer kj October 1943 FolloNvuig this operation lus couw 
was uneventful He gained wragbl was reboed of distress and vsotled hard for 
two years In November J945 be bad a massive bemorrhage and required 
transfusions to replace blood loss This w is followed by a return of old ulcer o 
tress and pain unrelieved by anbads \\hems pnor to hemorrhage roentgro 
examination of the stomach showed satisfactory emptying through the 
enterostomy stoma following tbis hemorrhage ) e had SO per cent retenboo 
banum in the six hour exaimnaticm . 

Physical examinatioa revealed that the patient was short lieavy and stocU 


with moderately heavj abdominal {Kimiicidos The blood pressure was 

' * - — apgjofcm was 11 7 gm Red blood cells nopibeic 


systohe and 70 mm diastohe Hemoglobin v 


cido{92 

astro)£5iH'''l “n’’ i 

an active duodenM 
perforated wth thf 
' e mesentery 
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THE PROBLEMS OF C.\STROJEJUN Al. ULCER 

small bowel o^-er the supenor mesentcnc \-essel». A radical partial resection of the 
stomach was earned out, remo%mg the duodenal ulcer and jejunal ulcer areas It 
n-as necessary to resect the segment of jejunum m%ohed, and jejunal conlmmtv 
was restored by end to-end anastomosis The patient made an une%-entful reco%er> 
and left the hospital suteen da>-s after operation 

Commenf — This case illustrates the occurrence of gastrojejunal ul- 
ceration foUoAAing posterior gastroenterostomy. Ordinanlj , this opera- 
tion would be considered quite satisfactory in a man past middle 
age, wTth high degree of obstniction and, with the technical diffi- 
culties present at Ae time of the first operation, was probably justi- 






Iig 311 (Case I )— A gastroenleioslomv is shown About 2 mches distal to 
the stoma m the distal loop there is a deEmie crater on the supenor aspect of the 
loop This crater measures 1 cm in diameter and is about the same depth. The 
jejunal loop is quite imtable The duodenal cap is not >TSualized 

fied. It illustrates, howe^er, the great danger of employing gastro- 
enterostomy at any age m the presence of an acti\e ulcer wtdeh is 
accompanied by high gastric acid \alues 
Gastrojejunal ulcer may occur at any age after gastroenterostomy, 
but It is especially likeh to occur xn young mdiNiduals (before the 
age of 40). If operation is found to be necessary to rehe\e ulcer dis- 
fress in this younger group of paUents gastric resection should always 
be done, other\r-ise the danger of recurrent j'ej'unal ulcer is too con- 
siderable. 

It has become mcreasmgly evident from our own experience in the 
Lahey Clinic that an adequate paniil resection of the stomach has 
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become a logical and practical surgical therapeutic measure for the 
treatment of complicated duodenal or gastric ulcer, and that ertensne 
partial resection offers the best opportunity for permanent rehef of 
ulcer distress should conservative medical measures fail to reheve and 
surgery be considered necessary It is this type of operabon that is 
most commonly employed m the surgical treatment of ulcer The 
mortality accompanying gastric resection has materially lessened dur 
mg the last five to ten years and should not be greater than that 



a b 

Fig 312 —Before and after lesecbon for ulcer Note that extensive removal of 
the stomach has been earned out 

a The stomach has not been resected but a previous gastroenterostomy can 6e 
seen There is obstrucUon m the jejunum beyond the gastroenterostomy, due to 
a jejunal ulcer 

b. Stomach after resection a small gastnc stump may be seen wth normal 
emptying mto jejunum 

accompanying gastroenterostomy In a senes of 570 consecutive paf 
tial reseebons to January 1946 at the Lahey Chmc there have been 
10 deaths, an operabve mortality of 1 77 per cent 
Usually, two thirds to three fourths of the stomach is resected (Bg 
312) m order to remove a considerable portion of the acid secrehn? 
mucosa We hope with this procedure not only to remove the ulwr 
area but in particular to reduce greatly the hyperacidity observed be 
fore operabon We aim by this operation to obtain a relative anacidit} 
and thus reduce greatly the risk of recurrent ulcer Haberer veo 
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arlj demonstrated tliat, to obtain permanent rebef of sjTnptoms of 
ephc nicer, it ^\as necessary to remove at least one-half of the 
tomach 

This fact has been emphasized inan> times b) surgeons witli con 
iderable e'^penence m partial resection for ulcer 
Pjlorectom} and antnimectom) , as suggested b> Bland Sutton, al 
hough an improvement over gastroenleroslomj m the treatment of 
ilcer, removes an insufEcient amount of the stomach and does not 
educe matenallj the gastnc hyperaciditj following operation As a 
'onsequence, it is an insufBaent resection 
Lorenz and Schur demonstrated conclusive!) that axtensive resec- 
jon of the stomach was necessary m order to obtam any marked 
eduction m hjperaciditj accompanjang peptic ulcer 
Therefore, failure to remove a major portion of the stomach when 
partial gastrectom> is employed for peptic ulcer results m failure to 
reduce the gastnc acidit) matenall), and a high percentage of recur 
rent ulcers wall be found The follow mg case reports illustrate the 
compUcations ansmg after madequale partial resection of the stomach 
and serve to emphasize the need for extensive resection of the stomach 
w hen operation is deemed necessar) for relief of ulcer distress 

Case II —A man aged 40 was fint seen m the Climc on October 8 1942 
Ulcer S)mptoms began in 1932 when be bad an acute peiforabon of a duodenal 
ulcer Evidently the surgical procedure consisted only of closure of the perforation 
Early in 1939 t>‘pical ulcer distress developed and gastnc resection was performed 
soon aftenvard (1939) Evidently he was reheved until November 1940 two years 
before admission to the Clmic Pam recurred which at first was reheved by food 
and alkah but finally became so severe that morphia was required 

On exammation the patient was found to be somewhat undernourished he 
weighed 133 pounds There were scars of two previous laparotomy mcisions on 
the upper abdomen Abdommal eiominaUon suggested a mass in the ep gastnum 
which was extremely tender Hemoglobin was i)9 per cent red blood cells num 
bered 5 3”0 000 and white blood cells 9700 Gastnc analysis showed free acid of 
24 and total aads of SO Roentgenologic exammabon demonstrated that apparently 
he had a pjlorectomy wath gastioduodeoal continuity restored There was a 
constant defect at the duodenal juncture wath the stomach (Fig 313) 

Operabon was perfoimed October 20 1942 The upper abdomen was filled 
with adhesions The first part of the duodenum and distal porbon of the stomach 
w-ere markedly thickened and mdurated Evadently a Billroth 1 type of resecUon 
had been performed with only a small part of the distal porbon of the stomach 
removed A large ulcer was present on the lesser curvature of the stomach at the 
juncbon wath the duodenum wath deep penetraUon into the pancreas Radical 
parbal gastrectomy was earned out Recovery was uneventful and the patent was 
discharged sixteen daj-s after operabon 


Commenf-The Billroth I 1)^6 of resection limits considerably the 
extent of the reseebon inasmuch as it is necessary to anastomose the 
duodenum which m the presence of ulcer is difBcult to mobilize to 
the gastnc stump and to leav e a major porbon of stomach unremoved 
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Fig 313 (Cdse 11) -Inadequate lurtial resection i$ shown Previous resection 
had been performed three years before the patient was admitted to the Clisic 
Very bttle of the stomach has been resected Hie gastroduodenal continuity has 
been restored by a Dillioth I operation There is a constant defect present in the 
duodenum at the juncture of the duodenum and stomach 

m order to accomplish the restoration of gastroduodenal continuity 
without tension on the anastomosis 
It was obvious tint a very inadequate resection had been done in 
this case and it was not surprising that ulcer recurrence took place 
A Sufficiently high resection relieved this patient of all his distress 

Case in —A man, aged 36 years, came lo the Clinic July 6, 1942 He had fas* 
noticed symptoms of ulcer two years before this admission The distress was 
charactenstic and at first was relieved by food and alkalis Because of the per 
sistence of the distress, operation was advised and resection of the stomach 'va* 
done elsewhere m January 1942 In April pain recurred and obstrucUve symptoms 
developed A second operation was advised and apparently a posterior gastro- 
enterostomy was superimposed upon the previous stomach resection, which if" 
suited m no rehef of symptoms On admission to Oie Clinic, he had severe epi 
gastnc pam and had lost 55 pounds m weight 

On exammation tlie patient was pale and had obviously lost weight. T^o 
laparotomy scats were noted m the upper part of the abdomen Marked 
ness was noted m the epigastnum The hemoglobin was 50 per cent, red bli^ 
cells numbered 3 630 000 and while blood cells 9000 Gastnc analysis 
free hydrochlonc acid of 30 A roentgenogram of the stomach demonstrated t)u 
pylorectomy had been done and that very little banum passed through the p>!onc 
anastomosis (Fig 314) Just proumal to this anastomosis there was a im^ 
crater, e^tendmg onto the lesser curvature A gastroenterostomy also was noted 
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the greater curvature of the stomach with a persistent pocketing of banum in the 
jejunum A diagnosis was made of recurrent gastnc and jejunal ulcers 

At operation July 20 1942 the diagnosis was substantiated and an extensive 
resection was earned out The patient made in uneventful recovery and was 
discharged from the hospital sixteen days after operation 

At a follow up examination January 21 1943 the patient as quite well 
was free of symptoms and had ga ned weight 



Fig 314 (Case III) —Insufficient partial resection of stomach Note that very 
little of the stomach has been removed at previous operabon Very httle banum 
has passed through the pylonc anastomosis Note the gastroenterostomy on the 
greater curvature of the stomach where there is persistent pockebng of banum 
in the jejunum opposite the stomal orifice mlo the stomach 

Comment —Permanent relief of ulcer distress and the prevention of 
gastrojejunal ulcer is more often insured by a radical resection than 
by pylorectomy or by removal of only a small portion of the stom 
ach Reoper-ition will be necessary m the majority of these cases of 
inadequate resection and furthermore the resultant failure is blamed 
on the method when rather it should be attributed to a poorly exe- 
cuted and eventually insufficient resection It has been our expenence 
that extensive partial resection of the stomach has been followed in 
frequently by gastrojejunal ulcer and that the operation can be done 
with a very low mortality 1 77 per cent Certamly our failures xvith 
resection have occurred after an msufficiently high resection in most 
eases \Vhat the actual recurrence rate is after partial gastrectomy we 
arc not yet able to state accurately as our group of cases is still in 
(he process of being carefully studied postoperatively and no data on 
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this subject are as yet available In is our considered opinion* that the 
rate probably will be around 3 per cent We have had no recurrent 
ulcer following resection for gastric ulcer Reports of follow up results 
after partial resection, in general, are excellent and recurrent ulcer is 
much less frequent than after gastroenterostomy Mage has. reviewed 
502 cases of gastric resection for duodenal ulcer at Mt Sinai Hospital 
and reported that gastrojejunal ulcer was found at reoperation in 2 5 
per cent and based on clinical evidence only 5 5 per cent This is m 
marked contrast to 18 per cent found at reoperation and 34 per cent 
on clmical evidence, which was found in the same institution after 
gastroenterostomy, and reported by Lewisohn 
A method of resection of the stomach that has proved most hkely 
to be followed by gastrojejunal ulcer is the prepyloric Fmsterer tjpe 
of resection In this operation the ulcer is allowed to remain tn situ 
and the transection is earned above the ulcer, with the safe closure 
of the duodenal end, usually necessitating that a portion of the pylonc 
end of the stomach be left m order to obtain an adequate length for 
turn m of the duodenal stump This operation should not be employed 
m the presence of a high degree of obstruction occurring at the level 
of the iJcer, as the inverted stump would be blo\vn open by the 
accumulation of secretion proximal to the ulcer There has been con 
siderable tendency m densely adherent ulcers or m ulcers deeply pene 
trating the pancreas to allow the ulcer to remain m order to avoid 
injury to the common bile duct This type of operation may be em 
ployed occasionally m ulcers very low in the duodenum provided the 
line of transection above the ulcer is through the duodenum and be 
yond the pylorus None of the pylorus with its mucosa should be al 
lowed to remam and there should be enough of the duodenal tube 
left to provide for safe closure of the duodenal stump If the transec- 
tion permits part of the pyloric antrum to remain, the mucosa of the 
antrum must be remov ed then or this pyloric portion of the stomach 
must be removed at a later second stage 

For several years we have not found it necessary to employ the 
Fmsterer operation save on a very rare occasion With an incieasmg 
experience with partial resection practically all duodenal ulcers may 
be removed and an adequate closure of the duodenum be obtamed 
Exposure of the common bile duct and the determining of its rela 
tionship to the duodenal ulcer will aid materially m a difficult dissec- 
tion This should always be done with indurated and low lying duo 
denal ulcers and moreover it is our custom routinely to visualize the 
common bile duct in all resections A choledochostomy may be done 
and a T tube with a long hmb may be passed through the amp^'^ 
of Vater into the duodenum, Hius permittmg the surgeon to visualize 
or locate the common bile duct and its opening into the duodenum 
and prevent injury to the common bile duct or its duodenal opening 
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There has been a high incidence of gastrojejunal ulcer occurring 
after resection of the stomach in whidi the pyloric area has been 
allowed to remain above an uremoved ulcer. Tliis has not only been 
our o^vn experience but this fact has been reported in the literature 
repeatedly. In this group of 69 recurrent ulcers there were 4 such 
cases. Haberer very early reported such a gastrojejunal ulcer occur- 
ring after the Finsterer operation in which the recurrent ulcer healed 
after removal of the retained pylorus. \Ve haN e had 3 such patients 
with gastroj'ejunal ulcer in whom ulcer healing occurred with relief 



Fig 315 ( Case IV ) —Duodenal ulcer pnor lo resection. The duodenal cap is grossly 
irregular, sho>ving a pseudopenetratioD on its lesser cur\’ature side. 

of ulcer distress after remo\’al of only the pyloric area. One patient 
(Case V) had had two resections without relief; the pyloric portion 
w’as later removed at a third operation foUow’ed by relief of ulcer 
distress. A large gastrojej'unal ulcer noted at reoperation was not 
disturbed and later W’as proved lo have healed following simple re- 
moval of the retained pyloric portion of the stomach. 


Case IV.-A man, aged 38, was first seen in the Clmic Apnl 10, 1939. He 
had a t>-ptcal history of ulcer distress for a penod of fifteen yean. Previous 
roentgenologic examination had shown a duodenal defect. Pam pnor to admission 
%vas sexere and was not relieved by diet and medication with alkalis. 

On exammation, the patient weighed 152 pounds. There were no significant 
Endings saxe tenderness in the epigastrium. The hemoglobin was 13 6 mn • red 
blood cells numbered 4,990,000. Free h>drochloric add was 10 and total 
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Roentgenologic examination showed the duodenal cap to be grossly inegubt 
and there was pseudopenetrabon of the lesser curvature base (Fig 315} 

At operation April 24, 193d, marked induration in the duodenum was found 
The induration extended low m the duodenum and insolved the common bilf" 
duct Partial resection was done It was thought unwise to attempt removal of 
the ulcer Closure of the duodenal stump was obtained by retammg some of the 



Fig 316 (Case IV) —Resected stomach pnor to reoperaboa This is a higl* 
resection The gasbo)ejunal stoma is small, funnel shaped and ngid, due to re- 
current ulcer The pylonc antrum was removed at the second opetabon 

evidence of gastrojejunal ulcer was found (Fig 316) Gastnc analysis revealed 
free acid of 10 and total acids of M i 1 » 

A second operabon was peifonned May 17, 1940 A large gasttojejunal nice 
was found The anbal porboa of the stomach vvith the duodenal ulcer 
moved and a higher reseebon of the stomach removing the }eiunal ulcer, 
done The pathologic diagnosis was acute and chronic jejunal ulcer » nsi 

Following this operabon recovery was again uneventful and the patient 
discharged eighteen days following openbon Followup reports 
the patient has remamed free of symptoms, has gamed weight and felt gene 
m good health 

Commenf — This case illustrates flie danger of ulcer 
wlien the pylonc end of the stomadi with the ulcer m the duoden 



761 


THE PROBLEMS OF GACTBOJEJUNAL TJLCER 

IS allowed to remain. Recurrent ulcer occurred within five months 
after the mitial resection. Reoperation was necessary, at which time 
the pyloric end of the stomach was removed, and the gastric stump 
with the ulcer was again resected. 

One should always suspect that the Finsterer prepyloric type of 
resection has been done in a case of gastrojejunal ulcer which has 
occurred after a high and otherwise properly executed partial resec- 
tion. This retained pylorus should always be sought for at reoperation 
and, if present, removed. As indicated previously, simple removal of 
such a retained pyloric portion of the stomach will result in relief of 
ulcer distress widiout removal of the gastrojejunal ulcer, provided 
high partial resection has been previously done. The following case 
IS illustrative of this 

8 - 23-43 10 - 11-43 


a b 

Fig 317 (Case V) —a, Gastrojejunal ulcer is indicated by an arrow. On Sep- 
tember 21, 1943, the retained pylorus only was removed. 

h. Twenty-one days after operabon there is apparent disappearance of jefunal 
ulcer. A roentgenogram tahcn on November 9, 1943, faded to demonstrate an ulcer. 

Case V— This pabent was Ent admitted March 8, 1930, for treatment of 
duodenal ulcer He was readmitted May 3, 1936, with massive hemorrhage from 
the ulcer. A Finsterer type of prepylonc reseebon was done on July 2, 1936, and 
the ulcer left m situ Onset of recurrent epigastric distress occurred five months 
later and m August 1937 he hid recurrent gastnc hemorrhage. The free hydro- 
chloric acid was 60 and total 78 Roentgenograms demonstrated a gastrojejunal 
ulcer The pam and distress continued, accompanied by gross bleeding at intervals 
Finally he was readmitted and reoperaled on September 8, 1941, at which btrve a 
larp jejunal ulcer was removed, with resection of a porbon of the stomach; the 
p>lono porbon of the stomach was not removed ' 
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The pabent had recunence of distrws agata ui four months and on June £6 
1942 the roentgenogram showed » Utge lefunal ulcer He was readmitted to tJw 
hosp tal September 19 1943 The free hydrochloric acid was 41 total 73 red 
Wo^ cells numbered 3 170 000 Pam in the epigastrium was severe and morphia 
was required for relief He was reoperated on September 21 1943 at which tiae 
the retained pylorus only was reipoved a large gastrojejunal ulcer was not is 
turbed Improvement was rapid unOi complete relief of all d stress Postoperative 
gastric analysis revealed free hydrochloric a«d of 8 and total acids of 14 On 
loentgenolopc check up e-rammation November 9 1943 no evidence of gastto- 
{ejunal ulcet could be demonstrated and there was no tenderness in the region 
of the gastrojejunal stoma At the last check up eTainination (Fig 317) on 
January 4 1946 the patient was quite well and had had no dx^ss since the 
pylonc part o5 the stomadi was fcmoved This patient has not had ulcer distress 
for more than two years since the last operation whereas Oie previous longest 
period of relief was five ninnths after the first resection He has gamed we ght 
and has felt in excellent health 

SUMMAR\ 

Over a period of 6ve years from 1941 to 1945 inclusive, there have 
been 69 resections for gastrojejunal ulcer in a total group of 289 con 
secutive cases in which resection was required for ulcer Of this group 
of 69 cases ulcer developed after gastroenterostomy m 60 after la 
adequate partial resection in 5 and after the Fmsterer ptepjlorw 
resection method m 4 

We wish to emphasize the importance of performing an ertensue 
resection of tiie stomach and complete removal of the duodenal ulcer 
if surgical treatment of peptic ulcer is found to be necessary Further 
more it is emphasized that there is considerable danger of gastro 
)e)unal ulcer occurring after gastroenterostomy and that this operation 
should seldom be employed except in carefully selected cases 

There is a grave tendency to formation of gastrojejunal ulcer when 
the Fmsterer prepyloric type of resection is employed This retatod 
antral or pyloric portion of the stomach must be removed at a later 
operation if recurrent ulcer is to be avoided 
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of damage, the presence or absence of which can be ascertained only 
by careful search of the facial nerve m the path of the wound The 
facial nerve, in 1 case in this senes, presented a large neuroma at the 
level of the stylomastoid foramen, partial destruction of the cervical 
trunk and avulsion of the pes ansennus and adjoining brandies Gut 
ter wounds of the temporal bone superior to the external auditory 
canal and tliose grazing the mastoid process are prone to produce a 
concussional type of paralysis Tliese patients recover spontaneously 
and requue only debridement of the wound and local repair of the 
soft tissue and bony defect Wounds involving the mastoid process at 
the level of the external auditory canal or below produce facial 
paralysis as a result of contusion ot destruction of a segment of the 
facial nerve Penetrating or perforating wounds in which the point of 
entrance or exit is situated just anterior to the lobule or tragus 
of the ear offer a poor prognosis for reconstruction of the continuity d 
the facial nerve as the pes anseimus may be destroyed Branches of the 
facial nerve, in its arborization to the facial muscles, are, on occasion 
contused or severed by deep lacerations and result in cither com 
plete or partial paralysis of the facial musculature, depending upon 
the extent and location of the wound 

In addition, the character of the ogent producing the paralysis is 
of significance in determining the nature and extent of the lesion or 
lesions incurred by tlie facial nerve While it has been impossible to 
obtain this information in each case due to the c'i$uaUj‘’s lack of defi 
nite knowledge regarding this point, sufficient data have been accumu 
lated to permit an evaluation of the effect of bhst and high and low 
velocity missiles upon the facial nerve 

The blast of nearby explosives apparently produces facial paralj’sis 
as a result of an mtraneural pathologic change, precipitated by the 
pressure waves associated with such explosions, as in no case was a 
fracture of the temporal bone discernible by roentgenologic axaimna 
tion, and spontaneous lecovery occurred Deafness and rupture of the 
tympanic membrane, as furtlicr evidence of the blast effect, were noted 
m each case 

Facial paralyses secondary to high or low \ elocity missiles, on the 
other hand, are almost always associated with fractures of the tem 
poral, mandibular or maxillary bones and palsy occurs as a result ot 
concussion, compression, contusion or interruption of the nerve Little 
difference has been noted between the amount of destruction causw 
by either of these two projectiles The former produces either wounos 
of the perforating type, with small entrance and exit points, and 
tensive fracturing of the mastoid process, or large gutter 
the soft tissue and relatively slight disruption of the mastoid The 
flat trajectory charactenzing such missiles and causing roughly bon 
zontally lying wounds tends to involve the vertical portion of 
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facial nerve m the region of the stylomastoid foramen and the cervical 
trunk or its facial distribution Injury to flie facial nerve by low \ eloc 
ity missiles is almost always associated with extensive fracturing of 
the mastoid process Such wounds are of the penetrating type and 
present wide destruction of the nerve Occasionally minute metalhc 
fragments may either enter the external auditory canal or pass be 
tween the stylomastoid foramen and the mastoid tip to section or 
contuse the facial nerve 

The most important feature of those wounds which resulted in in 
terruption of the facial nerve was the magmtude of the loss sustamed 
by the nerve Exploration of the facial nerve, m several instances, 
demonstrated the facial nerve to be either nussing or so badly trau 
matized as to require excision from the region of the gemculate 
ganghon to withm a few millimeters of the pes ansermus, a distance 
of approximately 65 mm Losses mvolvmg a portion of both the mas 
toid and cervical segments were common Infrequent, but offering an 
extremely poor prognosis for repair of the nerve, were those wounds 
which destroyed the pes ansermus as well as its immediate branches 
Avulsion of the facial nerve in its petrosal course occurred in one 
case m this senes Interruptions of lesser magnitude did occur and 
were located usually m the cervical trunk or in the facial distnbubon 
Civilian expenence would lead one to beheve that the approximate 
site of the injury to the nerve, as well as whether it bad been severed 
or not, could be obtamed by adequate roentgen studies, electrical 
reaction and tests for taste and teanng However, in this senes such 
exainmations were of relatuely little practical value 
Taste testing as a diagnostic procedure to determine the location of 
the injury to the facial nerve was unrehable m the majonty of the 
patients The failure can m all probabihty best be explained on the 
basis of the severe concussion which the nerve had sustamed Tests 
for the presence or absence of lacnmalion were more rebable Roent 
genologic studies were difficult to evaluate in determining the loca 
tion of the lesion mcurred by the facial nerve because of failure of 
the bone fragment to be displaced m the presence of an existing 
fracture or of an inability to determine which fracture was producing 
the injury to the facial nerve Faradic stimulation was of some use 
m evaluating those paralyses occurring secondary to concussions or 
m making the decision whether or not to explore a large wound in 
the vicinity of the parotid ^and Galvanic response always was pres 
ent m those cases tested 


TREATVIENT 

The treatment of facial paralysis secondary to compression lacera 
lion or intemipUon of the facial nerve at any point in its pathway 
through the temporal bone, nech nr face secondary to war wounds is 
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svirgical An exact knowledge of the anatomy of the facaal nerve and 
the patliologic processes within the middle or mner ear with which 
such lesions are most commonly associated, is a prerequisite for 
surgical intervention On occasion, a well trained otologic surgeon is 
best able to sabsfy these criteria but in general, a qualified otolaryn- 
gologist and neurosurgeon, working together, obtain the most sabs 
factory results m accomplishing such difficult surgery 

The ultimate goal of surgical procedures upon the facial nerve is 
the physiologic restoration of its function Operations, such as de 
compression, end to~end suture, nerve grafting, or anastomosis of the 
distal stump of the facial nerve to the central end of on adjocenf 
cranial nerve, effect this result in the ma;onty of cases Decompres 
Sion IS readily achieved following the accomphshment of either a 
simple, modified radical mastoidectomy or classical radical mastoid 
ectomy, as may be indicated by the pathologic process present Expo- 
sure of tlie facial nerve within the fallopian canal is obtamed by re 
moving the posterolateral bony canal wall widely on either side 
the lesion until normal nerve tissue is observed, and may or may not 
be followed by sUtting the sheath of the nerve, depending on whether 
or not the operator believes that uilema! as well as external neurolysis 
« xequued Facial paralysis secondary to compression by displaced 
fragments of bone, foreign bodies or edema may be rebeved m this 
manner 

Division of the facial nerve requires that the divided ends be re- 
sected until the essentially normal anatomical structure of the ner\c 
is revealed and the continuity restored whenever possible by end to- 
end suturing or nerve grafting When there has been but little loss 
of substance, the junction may be obtained by mobilizing the distal 
segment m the neck and parotid gland from the surrounding soft 
tissue and the exertion of jiostenor traction to gam about 6 
Greater losses may be overcome by rerouting the nerve, should the 
pathologic process present permit a radical mastoidectomy Bunneu 
stated tiiat gaps up to 23 mm in extent may be closed in this manner 

Rerouting the facial nerve is a simple surgical procedure Follow 
mg the performance of a classical radical mastoidectomy, the facial 
nerve is uncovered sufficiently to permit hfbng it out of the fallopise 
canal without undue trauma from the geniculate ganglion to tee ityOr 
mastoid foramen (Fig 318, a) The cervical trunk of the facial nerve 
IS liberated from the surrounding soft tissues and if necessary, the 
dissection earned fonvard into the dieek so as to obtain greater 
mobilization of this portion of the nerve Removal of the vaginal 
ess of the temporal bone allows the nerve to be redirected ^ ^ * 
courses from the geniculate gan^on vertically across the ®‘ddle ® 
into the neck, and permits end to-«nd suture xvithout tension 
318, h) Such a procedure does not seriously mterfere with the d1 
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srrapfv of rf^p- neve and. ir it ir Believed degfra&re tBe Hoed supply 
am’’ he nn^pntT ?d within, the TnortnirT cT’iry h\ cavermir the nejr’e 
w?th a. cTin at the tH rri r rrmTig muscie with, its pedicle mmntnining: its 
blood s unp iv fro m the tempoialis artery 
IE an’nr nrrrnntTnn q£ the diwded ends caunot be accomplished hv 
ether or thee mpthnds. then, reenutse must Be tdei ta ne^ce 'unftins. 
in arde tn emse the dFfpfrt For purpose it is convenient ta nbline 

the antennr fencnl entaneons ner”e as the erner alfiout^ the surah 
neat TtTr-mTrrr- ner^e r- fim ffir* csT’ncal pFerus or an mterccstal ner”e 
mnx ’- Be nsed as dp«r7TTvT H’’ the cnemtar The latter is more difficult 
ta ohtain hut is somewhat more desnnfale hecause of its Simer cou- 
nstmic" and the Fn-mr^r d^r^^mp*T»^ ^ or its tneuTes In thT«r seres, the an- 
’^ncr feacraE entmeous ner'p of the ffiiah was nsed m all cases as 
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B &d-ti>-siC sntuic ac^ampiished. 

the doner The antenor femnmF catanecus ner’e is readilw located as 
ir pierces the Bi.rcia latn and passes (ner the sartaniis muscle feoum 
sn ahuqiie memon cner the antemorasnectoEthe thiiffi. anpnxcmat^v 
Saasmreadhs heTow the mnainal Iinament. Whether a &esh- nerve 
or a predensnerated. ner*e oraft shculd he utilized is rmmnf-fn-.nF 
resTPct tn the hinctonal reemery ohtaineffi hut the Tatter is 
oinie easuv handled Because of its mcreased csnsisteicw rind, there- 
procahrv- permits heater coantation at the suture line. 

^ accomplished afes- careniHv er-osinir die lesicn 
or the ffinal ner^e and sha’-ann" the divided ends until healthw ner*e 
tone IS anrarrat and measures hm e Been talen ta insure a Blccd- 
ess org atae SHcL V segment is obtained Earn the donor ner’e 
'ueamrmp: siicfitTv more than the jap Between the freshened ends of 
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tlie facnl nerve "rnd is inserted into the defect of the facial nerve 
so as to allow coaptation of tfie ends of the graft with those of the 
facnl nerve A nerve graft lying avithin the fallopian canal in al) 
probability does not require sutunng btit it is believed that properly 
placed sutures enhance the neural junebon In those cases in which 
the opposing ends he m soft tissue hmve\er a single through and 
through suture of tantalum wire three thousandths of an inch in diam 
eter is necessary in order to prevent separation The suture should 
be placed so that the points al which it pierces the nerve and the 
graft he approximately 2 to 3 mm from the junebon 
A single through and through stitch of fine tantalum wre was 
used in this series whenever it was deemed necessary to maintain the 
neural junction rather than several penneural subires It was believed 
that better apposibon of the nerve ends particularly svith reference 
to the central porbon of the nerve graft could be obtained in this 
way and that the trauma incident to the passing of several sutures 
through the penneunum was reduced to a minimum Sputlmg has 
demonstrated that tantalum is relahvely inert in peripheral nerves 
and that this method of nerve sutunng is praclical 
Occasionally the central end of the facial nerve is inaccessible and 
as a last resort m such instances nmirtomosts of ihe disial $tmp cf 
the facial nerve with the central end of on adfacent motor nemc u 
necessary For this purpose the spinal accessory or hypoglossal nerves 
are admirably suited Prolongation of the postauncular incision down 
ward into the neck along the anterior border of the stemocleidomas 
. toid muscle permits exposure and mobilization of the central portion 
of either of these nerves The peripheral end of the facial nerve is 
freed and the anastomosis effect^ and maintained by a single 
through and through tantalum wire suture The descendens hypo 
glossi is sectioned and the proximal end sutured to the distal stump 
of the donor nerve in an effort to maintain tone in the muscles sup 
plied by this nerve Opinions pro and con exist as to whether the 
hypoglossal or spinal accessory nerve should be utilized for fins sur 
gical procedure but as a general rule hypoglossofacial anastomosis 
should be reserved for those individuals whose livelihood depends on 
manual labor while spmofacial anastomosis is desirable in those 
whose occupabon is of a sedentary nature 

On rare occasions none of these procedures is applicable and m 
dwetlins, mechanical support must be supplied in order to obviate tV 
unsightly deformity of the face Total loss of the pes ansennus an 
inability to locate the severed branches of the facial nerve in its fic« 
distribution are examples Living mechanical support may be 
tamed by implantations of fascaa lata slings This is best accomnhsb^^ 
by undermining the sfan and immediate subcutaneous tissue over tn 
entire affected side of the face through a hockey stick incision 
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the facial nerve and is inserted into the defect of the facial nerve 
so as to allow coaptation of the ends of the graft ivith those of the 
facial nerve A nerve graft lying within the fallopian canal in all 
probability does not require suturing but it is believed that properly 
placed sutures enhance the neural junction In those cases in which 
the opposing ends he in soft tissue however a single throu^ and 
through suture of tantalum wire three thousandths of an inch m diam 
eter is necessary in order to prevent separation The suture should 
be placed so that the points at which it pierces the nerve and the 
graft he approximately 2 to 3 mm from the pmebon 
A single through and throu^ stitch of fine tantalum wire was 
used in this series whenever it was deemed necessary to maintain the 
neural junction rather than seseral perineural sutures It was believed 
that better apposition of the nerve ends particularly wath reference 
to the central portion of the nerve graft could be obtained in this 
way and that the trauma incident to the passing of several sutures 
through the perineurium was reduced to a minimum Spiirhng has 
demonstrated that tantalum is relatively inert in peripheral nerses 
and that this method of nerve suturing is practical 
Occasionally the central end of the facial nerve is inaccessible and 
as a last resort in such instances unasfomows of ihc dtstol stump cf 
the facial nerve ivith the central end of an adiaccnt motor nene h 
necessary For this purpose the spinal accessory or hypoglossal nerves 
are admirably suited Prolongation of the postauncular incision down 
w ard into the neck along the anterior border of the stemocleidomas 
told muscle permits exposure and mobilization of the central portion 
of either of these nerves The peripheral end of the facial nerve is 
freed and the anastomosis effected and maintained by a single 
through and through tantalum wire suture The descendens hypo- 
glossi IS sectioned and the proximal end sutured to the distal stump 
of the donor nerve in an effort to maintain tone in the muscles sup 
plied by this nerve Opinions pro and con exist as to whether the 
hypoglossal or spinal accessory nerve should be utilized for this sur 
gical procedure but as a general rule hypoglossofacial anastomosis 
should be reserved for those individuals whose livelihood depends on 
manual labor while spinofacial anastomosis is desirable in those 
v^ose occupation is ol a sedentary nature 

On rare occasions none of these procedures is aoplicable and m 
dwelling mechanical siipnort must be supplied in order to obviate the 
unsightly deformitv of the face Total loss of the pes ansennus m 
inability to locate the severed branches of the facial nerve in its fac^ 
distribution are examples Living mechanical support may ho o 
lamed by implantations of fascia lata slings This is best accomnlishf 
by undermining the skin and immediate subcutaneous tissue ov er 
entire affected side of the face through a hockey stick incision o'sr 
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the temporalis muscle and threading strips of freshly obtamed fascia 
lata through the deeper substance of the face by means of a suitable 
facial needle in such i manner as to form three loops of fasaa, one 
each running to the upper and lower hp and a third to the angle of 
the mouth It is important that the fascial loops which are mcorpo 
rated m the lips extend past the midline The free ends of the fascnl 
loops are adjusted and anchored within the temporahs muscle so as 
to cause overcorrection of the facial deformity Excess skin is excised 
the incision closed and a pressure dressing applied to the face An 
excellent cosmetic result when the face is in repose may be obtamed 
with this method and slight ammabon of the paralyzed face may 
occur when the temporahs muscle contracts " 

Each of these methods of treatment was emplo>ed in this senes as 
the pathologic process present indicated and the patients condition 
permitted The facial nerve was decompressed in 7 instances Lacera 
tion or contusion of the facial nerve had occurred withm the middle 
ear m 3 of these pabenls, m the mastoid m another and m the facial 
distnbubon in the remaining 3 End to end suture of the distal and 
proximal ends of the interrupted facial nerve was accomphshed m 4 
cases Division of the cervical trunk was present in 2 cases and a 
neuroma, secondary to a fracture passing through the stylomastoid 
foramen, required excision in a third The remaining patients ex 
hibited division of two of the pnncipal branches of the nerve in its 
facial distribution 

Restoration of the anatomical continuity of the divided nerve was 
obtamed in 9 cases by nerve graftmg Both fresh and predegenerated 
nerve grafts were utilized, the former on 5 occasions and the latter 
on 4 The choice of a fresh or predegenerated graft was dependent 
upon the relative diameters of the facial and donor nerves Thus if 
the donor ner\e was small it was crushed and allowed to degenerate 
for about two weeks so that the resultant increase in size of the per 
ipheral portion would more closely approximate the diameter of the 
facial nerve If on the other hand there was not too great a differ 
ence m the diameters a fresh nerve graft was used 

Defects in the facial nerve ranging from 15 mm to 50 mm , the 
average being 33 mm , were closed in this manner A 15 mm graft 
was utilized to repair a gap entirely confined to the ceraacal trunk of 
the facial ncr\e while grafts of 26 30, 80, 32 and 40 mm were used 
to repair losses located both m the cervical and mastoid course of 
the nerve Grafts of 45 and 50 mm were ulihzed to replace missing 
segments of the facial ner\e extending from the knee to the pes 
ansennus Tlie remaining case required a nerve graft of 30 mm to 
restore the continuity of the facial nerve from immediately anterior 
to the horizontal semicircular canal to just distal to the stvlomastoid 
foramen 
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The facial nerve was absent in its petrosal mtratympanic and su 
perior half of the mastoid course on one occasion Repair was effected 
by anastomosis between the distal stump of the facial nerve and the 
central stump of the hypoglossal nerve in this case In 2 instances 
the pes ansennus and its immediate branches could not be found and 
the facial deformity was satisfactonly corrected m 1 by fascia lata 
implantation The other together with a patient in whom the facaal 
nerve was absent from just anterior to the horizontal semicircular 
canal to it is believed the pes ansennus had to be returned to the 
zone of the mterior before further treatment of the facial paralysis 
could be effected The conlmmly of the nerve could not be reestab- 
lished in 3 instances in which the intemipbon of the facial nerve 
occurred in its facial distribution 

The adequate treatment of facial paralysis should mcorporale not 
only the specific repair of the lesion of the facial nerve but also 
therapy directed toitard the facial musculature m an effort to prevent 
undue sagging of the paralyzed side of the face This is particularly 
true if it is anticipated that the facial paralysis will exist for a con 
siderable period of time Permanent sagging of the soft tissues and 
atrophy of the muscles will be reduced to the minimum if mechanical 
support and daily massage are instituted early The paralyzed mus 
cles of the face m this senes have been supported by adhesive trac 
tion or by fascia lata slings or strips The latter method is desirable 
not only because it piovides more natural support to the paralyzed 
face but also because permanent correction of the facial asymmetry 
IS obtamed m the event that functional restoration of the facial nerve 
fails to occur The cornea was protected and the epiphora benefltea 
m the majority of these cases by a lateral tarsorrhaphy 
The method of fascia lata implanlalion utilized in the majority or 
cases m this senes was developed after experience gained with the 
Ferns Smith fascial needle Considerable discomfort and edema ot 
the face are present after fascia lata loops are placed with this needle 
because of the resultant trauma to the deeper soft tissues of the face 
However the greatest impetus to devise a modification of this method 
of supportmg the paralyzed face during the period of recovery arose 
with the reahzation that in all probability a number of the secondary 
branches of the facial nerve were severely traumatized or severed y 
the passage of such a large bore needle and consequently possi y 
decreased the degree of functional recovery that might be expec e 
It was believed that if a needle of appreciably smaller diame er 
could be passed a fewer number of times the possibility of penna 
nently injuring the branches of the facial nerve in the soft tissues 
the face would be decreased or entirely avoided Consequent y 
number 14 malleable hollow steel needle 12 inches long was 
tamed from a manufacturer of surgical instruments A length o 
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steel wire of suitable size was threaded through the bore of this 
needle in such a manner as to provide a loop at the pointed end of 
the needle which could be protruded from or withdrawn into the 
lumen of the needle as desired. 

An adequate amount of fascia lata was obtained from the iliotibial 
band with a fascial stripper and fashioned into three strips approxi- 



Fjg. 319.— Fasaa lata support to paralyzed face, a, Anchoring end of facial 
slnp about orbicularis ons muscle b, LocaUon of fascial strips, c. Anchoring end 
of fascial stnp in temporalis muscle and fascia. 


mately 6 mm. wide and 18 cm. long. A small incision was made at 
the midpoint of the width of each strip a few millimeters from one 
end. Following the preparation of the strips, a short vertical incision 
was made through the skin and subcutaneous tissue of the upper and 
lower lip a few millimeters past the midlinc so as to expose the fibers 
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of the jionparalyzed poition of the orbicularis ons muscle The orbic 
Ians ons muscle on the paralyzed side of the face opposite the ang 
of the moutli was sjmilarty exposed A hochey stick incision was mai 
in the temporal fossa exposing the temporalis fascia and muscle 

A bundle of the orbicularis muscle is isolated through the prei 
ously prepared incision rn the upper Jip and the end of the stop . 
fascia passed around the muscle bundle One end of the strip 
tiireaded througli the small slit near tlic opposite end and the loop thi 
formed drawn snugly around tlic muscle bundle and anchored ) 
place witli a silk suture (Fig 319 a) The previously described ne 
die with its wire loop contained within its lumen is passed from tf 
temporal incision through the soft tissues of the face m such a maj 
net as to emerge at the mcision in the upper hp The wire loop 
protruded the free end of the fascial strip fi^ly grasped by the loc 
being pulled firmly against the end of the needle and the needle ; 
well as the free end of the fascnl strip witlidiawn through the so 
tissues of the paralyzed face to appear in tlie temporal incision 

A similar procedure is followed with the remaining bvo stops i 
fasen lata for the lower hp and comer of the mouth Sufficient tcai 
tion IS applied to the free ends of the strips presenting at Uie tempoti 
incision to oxer correct the sagging of the soft tissues of the paraljw 
side of the face (Pig 319 b) and maintained in tins ovcrcorrccte 
manner by weaving the free ends of the three hscial strips tbroug 
the temporalis faseu and muscle (Fig 319 c) which are in turn, » 
chored by silk sutures Tlie skm incisions arc closed and a presrut 
dressing applied to the face 

Exploration of the facial nerve iti the operated cases of this sene 
proved to be especially difficult because of the loss of establishe 
'inatomical landmarks in relationship to the nerve m its course througl 
the tCTnporal bone and also because of die displacement of th 
nerve within the soft (issues of tlic neck and face by the woundic: 
agent The surgeon operating in cases of facial paralysis incuned as ■ 
lesult of war injuries must be thoroughly coniersant with the anatom 
of the region and be blessed with an infinite 'imount of pittence ai'i 
perseverance 

No attempt has been made to describe the results obtained in 
senes- as it ins been impossible to obtain necessary data in lU 
due to the wide geographic dispersal of the patients involved and ffi' 
difficulty in obtaining suitable follow up reports m the form of eitiie 
pictures of the patient or an evaluation of the degree of recoier> b 
a local physician This information is being assembled and wd* ' 
published in i subsequent report However since restoration of tb( 
anatomical continuity of the facial nerve has been accomplished ^ 
most patients it is believed from previously reported experience ' i 
such methods of nerve repair that relief of &e facial paral>sis wm 
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obtained, which will be of decided benefit to the individual afflicted 
with a complete penpheral facial paralysis It is not anticipated that 
the degree of recovery obtained in the cases reported in this senes 
will be entirely comparable to traumatic lesions of the facial nerve 
encountered in civilian life because of the severe injury sustained by 
the facial nerve, whether it be single or multiple 
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THE ROLE OF &IINOR PROCEDURES IN THE TREATMENT 
OF TRIGEMINAL NEURALGU 


Gn.aE3rr Hobrax 

For the past twenty five years the operah(3n of partial or complete 
sensory root section for the permanent relief of trigeminal neuralgia 
has become so standardized and so relatively safe when performed 
by competent neurosurgeons that one may properly asV. ivhy this is 
not always the procedure of choice when dealing with a well recog 
nized case of tic douloureux of the fifth ner' e There are many f3^ 
tors to consider before this question can be answered satisfactonly 
and It is die purpose of dus communication to set forth the various 
considerabons which make some of the so called minor procedures 

In deciding for or against the sensory root operation one must at 
least candidly admit the foUowmg points first, that the opetafaon 
althou^ relatively safe, does carry a slight mortality, 05 to 
in trained hands, and therefore unless the procedure is one of new 
sity, patients under certain cucumstances should not be subjcctw 
even to this slight risk Second, there are definite discomforts la the 
form of paresthesias which follow the cutting of any nerve, and Aw 
discomforts are permanent and unchangeable after root section Prob* 
ably 5 to 10 per cent of patients continue to complain bitterly of 
these 'fuming or “gnawing” or “pulhngf sensations which seem to 
annoy them almost as much as the old pain Third, there is the dsn 
ger of an anesthetic cornea in patients who base to have the wnoie 
root divided because of pain in the upper two divisions of the 
and in spite of all precautions occasional comeal ulcers develop ^ 
fourth factor is, of course the somewhat added danger of any 
operation upon patients who have serious systemic disease if reM 
can be had safely by simpler means <• t, j, 

Medical Therapy.— What, then, are the "rinnor procedures wm 
can be used for the relief of patients with tiO doulouremt and w ^ 
should they be used? In the first place, there are certain 
medication which may be tried, although most of these are 
tionable value They are indicated only in parents who do not ^ 
extremely severe and persisting paroxysms, and may m some ms a" 
tide the patients over a troublesome period of pam until the 
ceases either because of or m spite of the medication 
ernes, the inhalation of tnchlorethtjlcno (tretbylene) is w^ou 
question the most efficacious Twenty five drops of the drug * 
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be inhaled regularlj bj the patient three to four tunes dail}, and 
this should be kept up for at least one to two weeks or for roanj 
weeks if It appears to be helpfuL The best waj to take this form of 
medication is to ha\ e the pabent put the drops cm a piece of cotton 
m the bottom of a water glass then he down on his side and i mm edi 
atel) inhale deepU Inbalabon maj make a person feel a httle “dizzj , 
but if consciousness should be lost, the glass will fall from the hand 
I ha\e not known this actuallv to happen but it is theorebcally pos 
able, as trelh>lene is an anesthebc if taken m larger doses 
Another recent form of medicabon consists in large doses of thia 
mine chlonde gi\en intra\ enooslj We ha\e given 100 m 2 , for die 
first dose and then 50 mg dafl> for a week. A second week of 50 mg. 
dail> maj be tried if this form of therap) seems helpfuL We have 
felt that m a few pabents wTth so^alled “mmor'' trigeminal neuralgia 
this treatment with thiamme chloride appeared to be benefioaL 
Man} other medicmes have been tried but none are specific. It is 
hard!) necessar} to sa} that no opiates should be given unless a pa 
bent IS being transported to a place where definibve siugical relief is 
contemplated, or as a purel} temporar} measure on rare occasions 
Alcohol Injections —Of all the minor procedures for the rehef of 
tngeminal neuralgia, alcohol mjecboos mto the various branches of 
the nerve are b> far the most helpful and are as a rule, easil} and 
qmckl) accomplished b} those who have been tramed m their use 
It IS perunent, therefore, to discuss some of the pros and cons of 
alcohol injecfaons and to state the case for their usefulness This is in 
no vva) to disparage the operabon of sensoiy root secbon whndi, 
when mdicated, gives most gratif}TDg results m a high percentage of 
cases. 

It should be staled at the outset that alcohol mjecfaons are useful 
almost exclusiv el> in deahng with neuralgias m the middle and lower 
(second and third) divisions of the tngeminal nerve In supra-orbital 
neuralgias it is much more sabsfactor} to do a si^ra-orbital neurec- 
tomv if a mmor procedure is contemplated. Some of the s up ra 
orbital branches are so small that it is imposisble to inject them with 
alcobol 

It should also be stated that for an alcohol mjecbon to he success 
ful the needle must be inserted mto the nerve and the alcohol mjecfed 
into the nerve substance If it is mjected outside the nerve, even 
shghti} into the suiroimdmg bssues the effect will be an mcr^e m 
pain and not relief 

The chief indications for alcohol injecbons are the foUowin*^ 

1 To give qmck relief to pabents who are having acute pain It 
IS not dwa>s possible to obtain a bed or a room for a pabent m a 
hospi^ where the sensor} root operabon can be done The mjeebon 
can be done easilv on an} eiammmg table m or adjoinmg the sur 
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Peripheral Neurectomic» —Any one of the tlixee mam branche: 
the trigeminal nerve may be sectioned m its peripheral distnbui 
and temporary relief obtained for one or two years and occasion 
longer By far the most usual and most useful of these penphi 
operations is the supra orbital neurectomy It happens not in 
quently that one will see patients who are suffering from a pin 
supra orbital neuralgia without any involvement of the deeper fil 
of the first division and no spread to the lower divisions of the ne: 
Rather than do a differential section of the nerve root, which in 
instance would be considerably more difficult than a differential ; 
tion of the fibers to the second and third divisions it is almost alw 
preferable to do the peripheral operation Furthermore, by the 
cision or avulsion of the supra orbital fibers no comeal anesthesia 
sues and this would be an added complication with section of 
first division fibers of the root As mentioned previously, supra-orb 
neurectomy is likewise nearly ahva)S indicated m preference to 
attempt to inject Uie nerve above the eyebrenv with alcohol 1 
IS because there ate several separate branches of the supra orb 
nerve and not a single group of fibers as m the case of the itffra orb 
and mandibular divisions Supro orbital neurectomy is also of ta 
in patients whose neuralgia has advanced to the upper diMSion of 
nerve after section of the lower two thirds of the root has been i 
formed previously Here again one or more years of relief may 
obtained without subjecting the patient to the risk of an anesthetic 
cornea and threat of keratitis The supra orbital operation is extremely 
simple takes but a few minutes and the inch and a half incision 
through the shaved eyebrow of course leaves no scar The patients 
hospital stay need not be more than forty-eight hours Furthermore 
the operation may be repeated several times if the occasion wanants 
it and the patient is satisfied with the length of relief 
Infra orbital neurectomy is sometimes a helpful operation "heo 
alcohol injections of tins nerve for patients with a purely infra orbital 
neuralgia have become difficult because of scar tissue Many patients 
will prefer the localized and transient numbness of such an operation 
rather than the more widespread permanent anesthesia which fouoi« 
partial root section even d)ou|d> they realize that this operation ct 
the operation on the root will have to be performed at some fu^^ 
time when their pain recurs We always perform the infra orbits 
neurectomy by a small incision through the upper gum as aavoca e 
by Coleman * It is an extremely simple procedure and just as supra 
orbital neurectomy, leaves no visible scar Patients should 
to leave the hospital after two days Peripheral neurectomy 
mandibular branch of the trigemmal is rarely called for but I 
used it in a few instances Almost always the thud division c;m 
injected satisfactorily with alcohol at the foramen ovale, but 
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sionally in a bilateral neuralgia, ^\hen the sensory root has been di 
vided on one side and alcohol injection has become difficult on the 
other, it may be wise to temponze wth an avulsion of a portion of 
the mandibular branch This can be done quite easily by a 1^ mch 
incision just below the angle of the jaw and, after separating the fibers 
of the masseter muscle, a small bur openmg is made in the mandible 
do^vn to the canal of the inferior dental nerve The nerve is then 
avulsed by gradual traction first on its peripheral end and then cen 
trally 

SUMMAR\ 

Althougli partial or complete section of the sensory root of the tn 
geminal nerve is an extremely safe and usually satisfactory operation 
tor tic douloureux it has certain drawbacks and is not the procedure 
of choice in every case of trifacial neuralgia 

Alcohol injections should be employed m most instances as a tern 
porary measure for the following purposes 

1 To give qmck relief to pabents suffering severe pain when hos 
pitilizabon cannot be obtained 

2 To accustom pabents temporarily to the annoyances of the anes 
thesia and paresthesias which they will have permanently and irre 
versibly after root section 

8 To make certain of the diagnosis of trigeminal neuralgia in cer 
tarn doubtful cases 

4 To relieve very elderly or extremely poor nsk pabents as a safer 
measure than operabon 

5 To afford relief to pabents with bilateral neuralgia rather than 
to subject them to complete permanent anesthesia on both sides of 
the mouth and tongue 

6 Peripheral neurectomies parbcularly supra orbital neurectomies, 
are extremely useful at times when alcohol mjecbons are difficult or 
impossible and the sensory root operation seems inadvisable 
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REFLE\ S\MPATllETir DYSTROFU\ 
jA^a:s A Evans 

Into an institution such as the Lahey Clinic is likely to filtei the 
bizarre and unusinl case the tough diagnostic and therapeutic prob 
lem that lias been seeking relief from pillar to post for many jears 
Into this categorj falls the patient with reflex s>anpathebc d>stroph\ 
( causalgia Sudeck s sj-ndrome) Four to eiglit years of suffering is 3 
common story of our patients witli this most distressing phenommtv 
One young lady described most vividly the intense suffering she had 
endured for twentj five years putting her shoe on each morning this 
act requiring thirty minutes each day Indeed she had acquired a 
conditioned reflex breaking out in a cold sweat as the examiner ap 
proached her foot with his hand to fee! it 
Tlie commonly used term “causalgia is really a misnomer since a 
few of these patients do not have paw Tlie characteristic features 
are those due to stimulation of the sympathclics m the part invohci 
namely rubor pallor or a mucturc of both sweating and atrophy even 
spotty or cystic bone atrophy (Sudecks syndrome) 

Reflex sympaflietic dystrophy most commonly follows old fractures 
sprains lacerations or gunshot inyuty to nerve trunks and blood vessels 


TABLr: I -ORIGINAL INtURT OR tUStlASE 


Sprain 9 

Fract ire 5 

Thrombophlebitis 4 

Poor Foot Statics 3 

Bruise 2 

Amputabon 2 


Ores 

Scalenus Syndrome 
Laceration of Hand 
Anterior Polom>eltis 
Plantar Wart 
Cotiotrheal ArthnUs 
Thalamic Sytidrome 

(cerebrovascular accident) 


COaiPLICATIONS 

Fungus Infection 3 

Operative Interference 3 


1 

1 


We have seen it alvo after infantile paralysis poor foot statics 
ilieal arthritis phlebitis or amimtalion Table 1 enumerates the catis^^ 
in 32 of OUT collected cases 

PAIN 

Some pam is almost always present and may be severe 
so long persistent that the patient contemplates suicide 
pam arising from aberration of sympathetic control has charaefe 
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features of its own. It is a deep, boring “toothache-like” pain, diffuse in 
its distribution, difficult for the patient to localize, not felt precisely 
in the area of the old injury. Manipulation, as in physiotherapy, and 
use of the limb involved aggravate the suffering. It is often described 
as ‘T)uming.’’ One or more trigger areas are present. These trigger 
zones may be wdely separated and some of them far from the site 
of original injury'. A chief trigger zone is usually found near the original 
injury, however, and blocking this area witlr procaine may submerge 
the other trigger points. Thus, blocking a trigger point is one of our 
chief diagnostic and therapeutic methods of attack. Pressure on a 
trigger point characteristically causes a diffuse spread of the pain over 
a wide area, most characteristically up the limb. 

TABLE 2.— PAIN' 

Causalgia 

Se\ere . .... 

Xtoderate 

Mild 

None 

In our 32 cases (Table 2), trigger points, single or multiple, were 
found in 19. Pain was excruciating and of a burning, causalgic nature 
in 8, rated severe in 8, moderate in 12, mild in 2, and none existed in 
2 cases. These last rivo patients showed other signs of refle.x sympa- 
thetic dystrophy. 

OXnF.n SYMPTOMS AND SIGNS 

Rubor was present in 16 and pallor in 8 cases (Table 3). The rubor 
may be so constant and the foot or hand be so hot that the picture 
of erythromekalgia is produced. In 6 cases rubor was present and of 



TABLE 3.— OTHER SYMPTOMS AND SIGNS 


Trigger points . , 

Rubor 

Pallor 

Swelling ... 

Sweating 

Atrophy 

Sian 

Muscle 

Bone 

Mottled or c>"stic 
Diffuse (disuse) . 
Cramp 


19 

16 



one year’s duration or more, and in 1 case for as long as trventy-eight 
years. Swelling and/or sweating rvas present in over half of the cases. 
Atrophy of the shin was noted in 4 and of tnusele in 7 paUents. The 
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pool a constant circling of activity across the synapses involved Some 
of these synapses include the sympathetic motor neuron cells in die 
lateral horn controllmg vasomotor tone and the sweat glands Spasm 
in the artenolar and venule end of the capillary loops raises filtration 
pressure, and edema and swellmg result Anoxemia mcreases 
capillary permeability and filtration, further augmenting edema 
Other synapses mvolved may be the anterior motor horn cells, givmg 
nse to skeletal muscle cramps and spasms Out of the pool also arise 

INTERNUNCIAL POOL 
Closed Self-reexatinq Chain 



Fig 321 


augmented stimuli to pam traveling up the thalamic tract Depending 
on the wde spread of the pool we detect the phenomena of pain and 
sympathetic disturbances observed a long distance from the injured 
area in the hmb and occasionally even spread to the contralateral limb 

TREATME^T 

The ideal pomt of attack would be the intemuncial pool itself So 
far, no direct effective means is at hand to stop the vicious circle 
Within this pool of neuron synapses 
Two other points of attack exist the trigger points and the sym 
pathetic pathway Repeated iniecbons of the tngger points usually are 
necessary If the sympathetic pathway is blocked by procaine, one is 
occasionally gratified by the astounding relief obtained ivith only one 
injection More often, there are relapses within i few days or weeks 
and repealed injections are necessary at longer and longer intervals 
It would seem more logical to give a senes of three injecbons, one 
every second day, for more permanent rupture of the pernicious reflex, 
a method so successfully applied to tfirombophlebibs (Fig 322) 

At the Clmic we have felt it best to resort to sympathectomy in the 
majonty of our beated cases after the demonsbation of the efficacy of 
one block m order to obtain the maminum of relief and the greatest 
assurance of permanency of relief 
Postenor root rhizotomy, cordotomy or, for high cervical segment. 
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znterrupUon of tiie thalamic pathways jn the medulla and even resec- 
tion of the sensory cortex may be necessary in exceptional cases 
Nineteen patients (Table 4) received sympathetic procaine block, 
with varying amounts of relief of pain and sympathetic phenomena 
m all bnt one Nine patients vere treated by block alone Of these 9, 
7 had 50 to 100 per cent relief of pain for three weeks to permanent 







F»g 322 -Teclifuc of paraJumbar s>mpaihelic proc.ime Mock (from Nichol'W'. 
Ancsih and And. May-J«ne, 1012) 


lelief Two of the 9 received only temporary relief for the duratt^ 
of the procaine effect Only one patient was treated by injection <» 
trigger points as well as by sympathetic procaine block, with re«« 
of pain for only three weeks A sympathectomy is to be done on tha 
patient Thirteen patients have had sympathectomy (Table 4) 


TABLE 4 -TREATMENT 

19 patients had sympathetic pRicaiiic bWls, aJJ but one nitb 
varying amounts trf relief 

Block only • “ 

Relief 50-100^ for 3 weeks to perm meat 
Temporary relitf (duration of procaine) . 2 

Sympathectomy . . 

Relief ranging from 9 

Failure to “SSifi) relief ^ 

pain relief ranging from 75 to 100 per cent in 9 ( 69 per cent) 
to 25 per cent relief resulted in 4 of the 13 cases 
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KEFLEX SYMPATHETIC DYSTROPHY 
ILLUSTRATIVE CASE REPORTS 
Case I —A woman came to the Clmlc February 16, 1944, because of rmld pam 
rubor, swelling and sbghl muscle atrophy which had been present e\er smce she 
sprained her anhle nine months before admission The roentgenogram showed 



Fig 323 (Case I) —Mottled bone atroph> of reRet sympathebc dystrophy (Sudeck*s 
s>Tidrome) 

mottled bone atroph> (Fig 323). Paravertebral sympathetic block afforded tem- 
porary relief Sympathectomy was done, with 90 per cent rebef of pain m two 
months At tins same time a roentgenogram showed less bone atrophy. 

Case II —A man came to the Clmic August 14, 1&44, because of moderate 
pain in the right foot of six months’ duration There was definite swelling and a 
blotchy type of bone atrophy Tliere was no history of trauma but marked pes 
planus was present One month after one jiaraverlebral block 100 per cent re- 
lief of pam was obtained The x>3tient abo had proper shoes fitted 

Case III —This man came to the Clmic June 13. 1944 He had suffered from 
gonorrheal arthritis eight years Wfore admission There had never been com- 
plete subsidence of pun m his nght big toe and foot llyperby drosis bad been 
present, complicated by fungus infccbon. with ulceration Rubor, swcllmg and 
marked sweating were apparent A roentgenogram showed an aseptic necrosis m 
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the toe (Fig 324) The patient also had esseoUal hypertension For fluj mtcsi 
a splanjinicectomy rather than sympathectomy was done TTicie was IfiO per 
cent relief of the pain m the nght foot and toe Three montlis later his foot was 



Fig 321 (Case III) -Gononheal atllmus eight years before admission oa 
evidence of gonorrheal activity at pre^^nl Asejrtic necrosis of both phabnges oi 
nglit great toe diffuse osteoporosis of disuse Cured by splanchiucectomv 


dry and the ulcers had healed A check up roentgenogram of the toe showed i''* 
same aseptic necrosis present. 


Case IV —A college girJ aged 21 >«irs, came to the Chnic September 
1944 She had suffered moderate pam m the nght lower leg foUowinga f^^ 
mg nme months before admission hlarVcd swelling and rubor dei eloped Foi 
past two months putpiinc spots bad appeared over the right lower 1®2 
had become pronounced Soon after the fiff she was cor£ned to h®d with * 
was called the fiu " At this lime she had fever and red streaks on net 
venogram at the time of her hospital entry showed normal filling of th^e 

* ' — ormal capJbry frag^^ 

platelets were nor^^ 
match fracture (-r^ 


323 ) 
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This paUent was treated with a senes of three paravertebral sympatheUe pro 
came blocks in one week At the end of the week the swelling had subsided and 
the trigger pomts had disappeared She was seen eight months later, and pam 
had been completely relieved smce the blocks 



Fig 325 (Case IV)— Callus of old march fracture’ 

The following 3 cases have been added smce the ongmal report of 
32 cases ' 

a 

Case V— A woman aged 33, entered the New England Baptist Hospital May 
10, 1945, complammg of excruciating pain m the nght arm, shoulder and breast, 
of five years’ duration Six weeks before the onset of this pain she had fallen on 
the nght elbow, and the roentgenologut reported she had sustamed a chip frac- 
ture of the olecranon process The trouble began as a painful swellmg of the 
nght forearm diagnosed as neuritis The tonsils and appendix were removed as 
possible foci of infection without relief Next the arm itself was explored and a 
biopsy specimen taken The pathology report from the New Haven Hospital and 
Dispcnsar> was penartentis nodosa 

In 1942 a nerve block proved ineffecUve In 1943 relief was obtained for two 
years after a scaleneclomy Tliere was a return of s>-mplonis m 19 14 attended by 
severe epistaxis 
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E'cammatjon re\ealed a Raynaud Lke syndrome with tngger points over the 
scar on the nght arm tl e olecranon process tlie postenor and medial surface of 
the upper forearm the bach of the nght shoulder, and the nght posterior aspect 
of liie neck about the level of the second and third cervical vertebrae Anollei 
trigger point was present in the lateral second intctipacc on the ngfit Erposuie 
to cold produced whiteness of the hand and forearm followed by blueness Ex 
treme cold caused complete numbness of the nght little finger and proximal in 
terphalangeal joint the latter becoming bliA in color Tlie patient stated tlat 
when the pain started the nght shouder, breast and arm felt cold and became 
pale and then swelled followed by the band becoming white and then blue Ths 
phenomenon was observed dunng the examination There was a palpable differ 
cnce m temperature of the two upper arms Sweating of the nght axilla and hand 
was noted There was atrophy of the tips of the fingers in both hands more 
marked on the nght with tapenng espeaallv of the tip of the nght little finjer 
Tile nght radial pulse dunng a paroxysm of pain xvas barely perceptible It sssis 
thought that her episodes of pam in the left arm might be the contralateral effect 
sometimes seen in causalgn 

On May 14 1945 the patient was put on a porch where the air was cooler 
Wien she was turned on her left side and llie nght arm and shoulder exposed 
the arm became quUe painful and was mottled and cyanotic from the shoulder 
down to and including the hand A paraveittbral metjcalne block was done of 
the seventh cervical and first and second thoracic segments Almost Immedtatelv 
after the metycame was mjecied the patient said that her arm felt wanner and 
the pain was diminished Fifteen minutes after the injection was completed the 
arm was pink and warm She said there xvas no pain whatsoever by this time 
The trigger areas had disappeared 

With this evidence a nght thoracic sympathectomy was performed induing 
tlie thoracic second and third sympa»hetfc ganglions Following sympathectomy 
the pam on the nght disappeared and the flushing and sweating phenomena 
abated 

About a week after the nght symoalhectomy the patient began to comolim 
bitterly of similar symptoms on ihe left wde A left iinper thoracic svmpathetle 
block caused temporary disappearance of this pam A left thoracic sympathectomy 
therefore was done including the «e^ond and third thoracic segments The pa 
tient was discharged on the iwentv fifth hospital day asymptomatic 

Four months after hospital discharge however the pain returned in an arw 
lower on her chest than the premons symptoms It may be necessary to extend tne 
sympathectomy to a lower level 

Case VI— A man aged was admitted to the New England Deaconess ffos 
pital August 18 1945 witli pain and swelling of the left hand and forearm of 
five months duration A year before admiltanre itching and discomfort of h's nose 
had developed with several small ulcers Inside the nose WTien these fa led to 
heal a Wassermann was taken which was reported 'qucstinmblv positive 
was then given an injection of bisimilh into the left cuh'tal vein As the mtecEwn 
was being given the patient lumped and 'ome of the bismuth was injected out 
side the vein Shortly thereafter a Inim about 4 bv R cm formed on the ann. 
Two weeks Kter a soot on the left thumb became painful tender red to 
and hot This spread to involve ll e entire hand nod wrist At times the fin'O’rs 
became pale and cold and the na Is h‘v*niTie deathly white A rash was presen 
for three weeks on the dorsum of the left hand , . 

Examination showed the vvnst and finsjen of the left hand to j j 
swollen The sVm vvas smooth pnlc and atrophic Tliere were loss of 
pitted nails Ulnar deviation of the xvnst sxas present The metatarsal 
(omls were slightly flexed The interplialangcal joints of the four fingers ' 
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aiiKjlosed Tftert was airophy o£ ibe left shoulder girdle Pigment ihon of the 
sUn w\tl\ staling was noted oter the left pectoral and left supracla\icular re- 
gions There was partial immobibty of the lett shoulder especiill> e-rtemal ro- 
taboD A diagnocis was made of reflex s>Tnpatlietic d>stroph> witli secondai> 
atrophy of Uie bone, muscles and joints and anfcs losis of tlie finger jomts 

A left cemcal sympatheUc block was earned out on August 22 with the fol 
lowing results (1) Snorlly after the block the skin of tne left hand became 
redder Ont hour later, w tien holding the hand m the dependent position the left 
hand became cyanotic (2) There was definitely decreased pain m the fingers 
hand and wnsl with abohtlon of pain at the tngger point at the base of the left 
tliumb (3) There was increased passive mobihty of all of the finger joints and 
wnsls (4) Skin temirerature readings taken on the dorsum of the hand thumb 
and forefinger showed a definite mcrease a total nse m one hour of 6^“ F Be- 
cause of long disuse of the exticmitv, the patient had “frozen left shoulder" 
The orthopedist manipulated the shoulder under local anesthesia breaking down 
fibrous adhesions Four days later a left cervacal sympathectomy was done bv 
the anlenor approach On the fourth postopc-nlive day postoperative bronchial 
pneumonia developed which subsided on sulfathiozole therapy On discharge he 
was given instructions to use melted paraffin to the hand and given directions as 
to special exercises 

Two months after discharge marked scleroderma was still present over the 
second and third fingers and palmar contractions persisted The left shoulder still 
liad only 60 degrees of motion Ankylosis prevented closmg the hand The patient 
complained of pain at the base of the second finger extending up the left arm 
but this pain was about SO per cent less than before operation The chest muscles 
had filled out there was very bttle atrophy of tlie left shoulder muscles and the 
pigmentation ■and scaling of the left pectoral region was entirely gone Improve- 
ment was cstiiiu ed as about SO per cent 

Case MI— A man aged 49 had spent thirteen years tipping a release on a 
machine 200 times dailv pressing with the sole of his foot on the tnp Five years 
ago the right ankle started to swell foJowang a day when he had trouble wath his 
machine and had to press on it extra hard A dull pain started in the right ankle 
about the same time which caused him to limp A year ago following an injec 
ti< n of vancose veins about the mtemal milleolus red streaks developed up the 
leg to above the internal side of the knee Smee then the leg had swelled to the 
hnee whereas it used to swell only urourd the ankle 

Physical examination showed mnimal edema of the lower leg on the nght 
TWv« vras a blandied area xnth sweWiTig and sweating a\x>uX die left internal 
malleolus Ankle cyanosis was present and dorsalis pedis pulsation was absent on 
the nght though a good posterior tibtal pulsation could be felt Both feet felt 
cold Roentgenograms of the nght foot showed the bones to be normal The diag 
nosis was reflex sympathetic dystrophy caused by chronic industrial sprain Sym 
palhectomy has been advised 


SmDI\RT 

Redex sj-mpxthctic djstroph) is desenbod as a sxudrome produced 
often b> minor tnumn or disease m a limb leading to the reflex pro- 
duction of the s>mpxtlietic phcnomein of rubor or pallor, heat or 
cold, increased s« eating edema and pain Since the factor of pain 
max be absent, the term reflex sxTnpalhetie dxslrophx is preferred to 
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The role of Lorente de No’s mtemuncial pool in the producbon 
of the syndrome of reflex sympathetic dystrophy is presented 
Traumatic injury accounted for only 59 per cent of the 32 cases 
reported 

The typical bone atrophy of reflex sympathetic dystrophy is mottled 
Or cystic (Sudecks syndrome) 

Diagnosis depends largely on the demonstration of rehef by sym 
pathetic procaine block Nineteen of the 32 patients received sym 
pathetic block wth procaine, with varying amounts of rehef of pain 
and sympatlietic phenomena in all but one patient 
Treatment may be directed to blocking the trigger pomts if they 
exist and to blocking the sympathetic pathway In 9 patients treated 
by sympathetic procaine block alone, 7 had relief of pam varying from 
three weeks to permanent such pain relief estimated at 50 to 100 per 
cent The other 2 received relief of pam only for the duration of the 
procaine effect 

Thirteen patients of the 32 here reported had sympathectomy per 
formed with rehef of pain ranging from 75 to 100 per cent in 9 (69 
per cent) Failure to 25 per cent rehef of pam resulted in 4 of the 13 
The 2 patients who had no pun but other sympathetic phenomena 
have so far not submitted to either block or sympathectomy 
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^DOiiiNAi. aorta, aaenrj'sn cf, 
a49 

Abdoin-iiopeTneal resection for caraa- 
ciaa of selection cpcTaticn 

and teehn-e, June, 52S 
Abductor paralj'sis of luyni, ar^'tenci- 
dectomy for, Apnf, 464 
Abrasions of bee, Feb-, 5 
Abscess of hmj. treatment, brencncs- 
copy m planning, Apni, 2^ 
penaephne, dagaosis, April, 3j» 
Adenctna of bron^ia, broncbscopv m, 
April, 293 

Adrenal gland, pheochremoev-toma, re- 
port ct rtro cases vitb epetative te- 
mcs'al of tenor, April, 36S 
\ir enema, doable contrast, o dagnosis 
ef colcn-c lesions, June, 5^ 
technic, Jur^, 604 

Alcohol jnjectans a tngemraal cecral 
gia, Jtene. 7T5 

Al-keolax nrocess, fractcres, Feb., 16 
Amebic c)-senler>, June, 

Assno aods, parenteral nse, Feb., 192 
Ampntaticns, Apnl, 493 
prostheses, April, 503 
re%geratioa anesthesu for, ApnL 
509 

secondary, md-catons fo". Apnl, 507 
sites of election, April, 490 
stcmiM April, 501 
end-be^mg, Aprt4 506 
remodelmg of, mdirations for, 
AprJ, SOT 

Syce, ccLcations, April, 422 
Anastomosis, artenaJ. rok of angiog 
raphy m, April, 3C6 
Androgens la caremoma of breast, Feb,, 
12T 

Aneima m cclomc lesions, Feb-, 133 
Anesthesia, choice of, for asthmatic pa- 
tient, Jtxne, 6T8 
renal fnncticn and, June, 671 
for bowel surgery , manag*Tsent, Jane, 
703 

fer cholec y s* f to my, Feb., 217 
for cpeiaticns for mtsstmal obstme- 
tion, April, 3£S 

for paravertebral sjTapaihectoov, 
Feb., 59 

for divrcidectcmj , Feb^ S2 
refnjeraticn, for a mpu tations, AprC, 
509 

relaxation m, ccrare as aid, Jarie, 709 
suppoTtiire measures, Jtpie, 705 


Anenr^im, aortic meiLastmal tamer 
and, d^erentiaticti, Ap-J, 259 
arterov enocs, cong**n-taI. Apnl, 343 
of abdomma! aorta, Apnl, 349 
Anyos^phv, evahianon of its tse^- 
cess, Apnl, 326 

\ncRa followmg sntgeiy n^t colon, 
/one, 62S 

Aorta, ar-ecrysm, Apnl, 2S9, 379 
\ortocraph% , Apnl, 326 
App<n<L^*ctnv for calcnic ebstme- 
ecn, Apnl, 355 

Ar*cnal anastomes role of angicgtaphv 
m, Aprvh 336 
Ar*eTa3griph% , Apnl, 326 
Xrtencsclerctic pe^heral arteries, ar- 
teriography of, Apnl, 331 
ArteroNenccs aneiosm, ccngm.taT, 
Apnl, 543 

Bstnia, aagmgraphv m, Apnl, 331 
congenital, AprJ, 34-3 
Arthnos of fci« jciat, debr dement xs, 
t-chme. Feb, 249 
Aiytenoidectonrr, Apnl, 464 
tefhr c, Apnl, 45» 

, Asthmatic anack, treatment, June, 677 
patient, na-cr s ur gery n, June, 676 
At*tectasis, pcs ta pyatiNe, June, 706 
AnEirv ncce crmlvement m breast 
cancer, Feb, 119 
Ay^ mdei, Feb, 65 

BwaiiAPT dysentery, June, 553 
Banen enema, techmc, Jiuie, 603 
Barbt*nia*e5, p-ecperative and pcstop- 
eratr>-e use, m ag*^i, June, 715 
Bed rest, raJimTus fensaten m patient, 
Apnl, 444 

Bde dnets, ancmaLes, Feb, 210 
BLidrk' dvs^ncticn fcllawag iirg“ 
bowel snrg-rv, Jtr-.e, 6^ 

Blood group mccmpatibil^v /tme, 6S3 
m pnsaary caremosa of fcmg. ArnL 
2SS 6. 

stored, cse of. /tme, G=3 
transfusiecs, m major snr g try, £icto*s 
of safe^ Jure, 6S2 
E3 protem de£ciencv Feb, 192 

r‘*acticn3 and ccmoLcaticns. Jjre 
» / » 


Eh factor n, June, 656 
B*^e grafts, heiled, a cr3n,cpla3‘v, 
Feb, 44 

metastasis, from caremema of hreast, 
rad-aticn treatment. Jure, 731 
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Bone metastasis, in gastrointestaiaJ mal- 
ignancy, Juftc, 692 
tumors, diagnosis, Apnl, 410 
Breast carcinoma, Feb , 116. April, 324, 
June, 723 See aiio Caranoma of 
hrenst 

ei:aminalion, April, 310 
sarcoma, June, 718 
tvimors, diignosis, April, 310 
Bromides, preopcralive and postopera- 
tive use, in aged, June, 716 
BroncBiaJ asthma major surgery m, 
Jtine 670 

Broiicluectasjs, treatment brancliofcopy 
m planning, Aprtf, 294 
Bronclioscopy anesthesia for, curare to, 
June, 712 

importance, in planning treatment of 
pulmonary lesions, April, 292 


Caixuu. renal, fownation m Isedrest 
pitient, April, 444 

rarcinoma, bronciiiogcnic, bronchot- 
copy in, April, 295 
of breast, Feo , 116, June, 723 
'tnalysis of 500 cases, June, 723 
avfljry node mvoUetnent, Feb. 

diagnostic aids, Fch, 116, April, 
324 

estrogens and androgens in, value, 
Peb, 127 

oophoret lOTtiy m, value Feb, 126 
operable, treatment, Feb. 122 
recurrent and inoperable, treat- 
ment, Feb, 124 
njentgen treatment, June, 730 
of colon, compiicating chronic ulcer 
ativB colitis, June, 641 
diagnosis, June, 553 
metastasis to bone, June, 693 
Mikulicz operation modified, June, 
610 

unusual complication 7«nc, 
829 

obstructive, Feb. 1S6 
primary resection for, June, 600 
protem deficiency in Feb, 189 
resection of Fell , 178 
site of growth of 1457 lesions, June, 
551 

of e'Ophagus, Feb. 137, June, 733, 
738 

of lung nnmary, blood picture m, 
April, 298 

of neck, metastabe, dissectlosis in 
Feb, 102 

radiation versus surgery, Feb, 
103 

of rectum, abdominoperineal resec- 
tion for, June, 523 


Carcinoma of rectum, coropheateg 
chronic ulcerative colitis, June 

diagnosis, June. 533 
postoperative care, June, 5G6 
comphcntions, June, 570 
preoperative Rreparation June, 561 
site of growth, June, 551 
(rf thyroid total thyroidectomy in 
Feb, 100. no 

Cnrciiospasm, roenigea diagnosis, ApnJ 
314 

Castration roentgen, in caremoma o( 
breast, June, 731 
Causalgta, June, 780 
Cecum, carcinoma, Fch, 178 
Cciebral angiography, Apnl, S2Q 
Cesarein section, uses and abuji 
Apnl, 444 

Chemotherapy in astlimatic patiei 
June, 679 

Chest wall, cold abscess, April, 285 
CWoral h) orate, preopcralive and pc; 

oTOrative use. in aged, June, 71S 
Choleostectomy, mdicatrons and co 
traindications. Ffb , 214 
partial, Feb , 215 
postoperatJie nre, Feb,, 227 
preopentiv e propintion hr, Ffi,25 
tcclmic Feb, 210, 210 
Cl>olec>stDSlDm>, indications and coi 
traincfications Feb , 214 
technic, Feb , 210, 227 
ClioledochojejunostoRty, Feb, 174 
Chondfosarcotm of ihum intraclabl 
pain in hip following relief by choi 
aotomj, Fib, 70 

Chordoma, spinal, protruded dish »n£ 
differentiation, April, 279 
Chordotomy for intractable pam m b] 
followjng removal of chondrosarcoro 
of ihum, Feb ,70 
Ostem puncture, Fch, 89 
Codeine, preoperative and postopers 



Coieefomv See Colon, rcseciuin 
Colitis, ulcerative, carcinoma of 

and rectum complicating 1*'“ 


diagnosis and medical jniwse- 



coion , -01 

diverticulitis. Ajird. 391), Ju^^- 
double contrast enemas m, 


diverticulosis double contrast enew 
in June, 596 r.fi 

eraminatiori, order of events w, ‘ ’ 
176 

mjuncs, June, 665 
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Colon jmgahons, m diagnosis o? loles- 
tinal obstruction, April, 383 
lesions anemia in, Fey , 193 
left half, Feb , 181 
localization, Feb , 186 
obstructive Feb, 180 
protein deficiency in, Feb, 189 
nglit half, Feb, 186 
roentgen diagnosis, double contrast 
enemas in, June, 594 
methods, June, 003 
surgical diagnosis and manage- 
ment, Feb, 170 

obstruction, diagnosis, April, 382 
treatment, April, 3M 
polyps, double contrast enemas in, 
June, 594 

resection, for congenital megacolon, 
June, 645 

primary, Feb, 176, 7unc, 606 
postoperativ e orders, Feb , 197 
preoperative orders, Feb, 196 
right, resection of, primary, June, 
606 

surgery of, anuria and uremia fol 
lowing, June, 628 
tuberculosis of, 7«inc, 639 
surgery, anesthesia for, management, 
7Hne, 703 

postoperative care, June, 706 
pxemedication, 7une, 703 
s>'mposium on, 7une, 523 
urologic complications and Uicir 
management, 7unc, 695 
tuberculosis, Feb , 184 
tumors, diarrhea in, June, 584 
Colostomy, management, 7ime, 568 
protein deficiency with, Feb , 189 
transverse, m obstructive lesions of 
colon, Feb , 188 
Congenital mcgacolon, June, 644 


periosteal outer table grafts in, Feb , 
37 

nb grafts (autogenous graft), Feb, 40 
tantalum in, Feb , 83, 48 
\ilalbum m Feb, 47 
Cruciate ligament anterior, ruptured 
test for, Feb , 251 

Curare, use, in anesthesia June, 709 
C>stic artery, anomalies, Feb, 212 213 
C>sts dermoid, of mediastinum, Feb, 
180 

DtoiuDEMEVT of kncc jomt for arthritis, 
technic, Feb , 249 

Decompression in intestinal obstruction. 
Feb, 188, April, 386 


Decortication of heart b> resection of 
pericardium April, 480 
Demerol, prcoperalive and postopera- 
'Xtprl trfn/. 717 


Diagnosis surgical, symposium on, 
^ April, 271 ^ 

t of 
me, 

surgical repair, Feb , 152 
m adult, Feb , 158 
in infancy and childhood, Feb , 
153 

Dnnhca, clinical significance, June, 579 
Diet for colostomy patients, 7imc, 569 
Dilaudid, preoperative and postopera- 
tive use, m aged, 7«nc, 717 
Diverticula, esophageal June, 736 
Diverticulitis of colon, April, 390, 7«nc, 
584 

roentgen diagnosis double con 
trast fnemas m, June, 002 
Diverticulosis of colon, roentgen dug- 
nosis, double contrast enemas m, 7une, 
596 

Drapmg of patient for surgery of knee, 
Feb , 256 

Duodenal stump, intraluminal pressure 
m, avoidance in gastric resection, 
Feb, 207 

management, in gastnc resection, 
technical details, Feb, 200 
ulcer, gastnc resection for, manage- 
ment of duodenal stump, F<3/ , 
200 • 

Duodenum, mahgnant tumors, surgical 
treatment, Feb , 163 
Dural cyst, sciatica due to, April, 279 
Dysentery, amebic. June, 589 
bacillary, 7Hne, 585 

Dystrophy, sympathebc, reflcT, June, 


Eab, lacerations, Feb , 9 
Electrodiagnostic procedures in penph- 
era! nerve lesions, Apnf, 438 
Enema, air, double contrast, m roent- 
gen diagnosis of colonic le- 
sions, June, 594 
technic, June, 603 
banum, technic, 7i<ne, 603 
Esophagitis, chronic, 7unc, 733 
roratgen diagnosis, Apnf, 315 
Esophagoscopy. anesthesia for. curare 
ui, June, 712 

Esophagus, carcinoma, Feb, 137 June 
733, 738 ’ ’ 

diverticula, June, 736 
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Esophagus, lo\ver, diseases of, roent- 
gen diagnosis, Apnl, 306 
obstructing iesions, surgical aspects, 
June, 733 

Estrogen therapy m carcinoma of breast, 
J27 

E)elids, lacerations, Feb, 6 


Face, abrasions, Feb , 5 
injuries, early management. Feb, 3 
lacerations, Feh , 5 
reconstructions about, pedicle graXts 
from arm for, Feb , 20 
Faaal bone fractures, Feb, 9 
nerve, traumatic lesions secondary to 
war wounds, repair of, June, 763 
Fecal fistula, tuberculous, June, 658 
Femur, fractures, nech, delay^ union 
or nonunion, operation for, 
Feb. 242 

recent, operative treatment. Feb , 
230 

Fibre adenoma of breast, diagnosis, 
Aprii, 323 

Fingers, amputations, sites of election, 
April, 500 

Frosteier oneration for peptic ulcer, gas* 
troiejunal ulcer following, June, 758 
Fistula, arteriovenous, angiography in, 

April. 332 

congenital, Apnl, 343 
fecal, tuberculous, June, 653 
Foot amputations, sites of election. 
Apnl, 497 

Foreann, amputaoons, sites of election, 
April, 499 

Fractures of alveolar process, Feb , 16 
of facial bones, early roanagement, 
Feb, 9 

of femur, neck, delayed union or 
nonunion, operation for, Feh, 
242 

recent, operative treatment, Feb , 
^0 

of frontal bone, Feb , 10 
of hip, surgical treatment, Feb , 230 
of mmdible, Feb , 16 
of maxiila Feb . 13 
of nose, Feb, 11 
of zygomatic bone, Feb, II 
Frontal bone, fractures, Feb , 10 j 


GALtatA^ooen, anomalies, Feb, 210 
Gastnc See Stomach 
CastToenterostomy, gastrojejunal ulcer 
foUoiving, June, 752 
Gastromtcstmal tract, malignant dis- 
ease, metastasis to bone, June, 692 
Gastrojejuna! ulcer, June, 751 
Genito-urmary compLcatiOftS following 
large bowel surgery, June, 695 


Goiter, tone diffuse, total thyroidectomy 
m. Feb , 100 

nodular, total thyroidectomy m, 
feb, 99 

Crafts, pedicle, from arm for recmstnic 
tions about face, Feb , 20 
CkiiUam-Barre syndrome, protruded 
duk and, differentiation, Apnl, 278 
Curds transverse incision for cholecys 
lectomy, Feb, 217 


IIakd, amputabons, sites of election 
Apnl, 499 

Headache, spina! puncture, Feh , 87 
Heart, decorbcation, by resection of 
pencardium, Apnl, 480 
nemilaimnectomy, Feb , 70 
for cbordotomy, Feb, 70 
for removal of neurofibroma of s;snaJ 
cord, Fcby 74 

Hemolysis, intravascular, complicating 
blood transfusion, June, 6S2 
Hemoptysis bronchoscopy in, value 
Apm, 296 

ffetoorrhace, rectal, diagnostic sigmfi 
cance, June, 574 

Hepabc artery, anomalies, Feb, 212, 
213 


Henna, diaphragmatic, clinical nport 
of W surgically treated cases; 
June, 742 

surgicaj repair, Feh , 152 

in adult, Feb. 158 , „ , 

in infancy and childhood, fto* 
153 

hiatus, esophageal, roentgen diag* 
nosis, April, 311 ... , 

Herpes Zoster, protruded disk and, 0“ 
ferenbation, Apnl, 276 
Hiatus hernia, esophageal, roentgea 
diapiosis, Aprif, 311 , 

Hip, metures, surreal treatment, Fto, 
230 

Hirsch^runa’s disease, June, 644 
Hodgkin's (Tisease, mediastinal lesions, 
April. 283 , , 

Hytuonephrosvs, plastic operations lor, 
Apnl, 512 


Ileitis, regional, June, 599 
Heostomy, anuna and uremia souavnas 
Juw. 628 

Heum, tuberculosis, June, , , 

Ilium, chondrosarcoma of 

pam m hip following, relief by ch 
Qotomy, feb, 70 i 

loiunes, facial, early nianagcm«ii, n - 

of colon and rectum, June, €25 
cl Icoee Joint acute, surgicat 8 
nosis, Apnl, 402 



Intervertebral disk, lumbar, ruptmed. , 
differentiation from diseases of spinal 
and peripheral nervous systems, 
April, 272 

Intestinal distention, postoperative, June, 
707 

obstruction, Apnl, 382 
diagnosis, Apnl, 382 
treatment, Apnl, 384 
tuberculosis, June, 585 

surgical treatment, June, 650 
Imgations, colomc, in diamosis of in- 
testmal obstruction, April, 383 

Kidney, calcub, formation in bedrest pa- 
tents, April, 444 

function, major surgery and, June, 
669 

Kmg’s osteotomy for ununited fracture 
of hip, Feb , 247 

knee, debndement, for artlmtis, Feb , 
249 

exammation and differential diag- 
nosis, Feb, 249 

iniunes, acute, surgical diagnosis, 
April. 402 

treatment, April, 407 

Lacerations of head and face. Feb , 5 
Larynx, abductor paralyses, bilateral, 
arytenoidectomy for, Apnl, 404 
Lateral ligaments of knee joint, test for 
integrity, Feb , 250 

Leg, amputations, sites of election, 
Apnl, 497 

Leptomenmgib^ localized, protruded 
disk and, differentiation, Apnl, 277 
Levin tube in intestinal obstruction, 
April, 886 

Ligamentum flavum, hypertrophied, sci- 
atica due to, Apnl, 280 
Lip, lacerations, Feb , 9 
Lumbar mtervertebral disk, ruptured, 
differentiation from diseases of 
spinal and penpheral nervous sys- 
tems, Apnl, 272 
puncture, Feb , 78 
sympathectomy, effects, Feb ,*67 
indicabons, Feb , 59 
technic, Feb^ 58 
sympatlietic block, Feb , 57 
Lung, carcinoma primary, blood pic- 
ture m Apnl, 298 

lesions, bronchoscopy in plannmg 
treatment, Apnl, 292 
Lymphosarcoma of spinal cord, pro- 
truded disk and, differentiation 
Apnl, 279 

Maucnant tumors of colon, Feb , 176 
of duodenum, surgical treatment 
Feb , 163 

Mandible, fractures, Feb, 16 
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Mastitis, cystic, chronic, diagnosis, April, 
321 

Ma^llaiy bone, fractures, Feb , 13 
Mediastinum, dermoid cysts, Feb , 130 
lesions, diagnosis, April, 282 
neurogenic tumor, Feb , 134 
surgery of, Feb , 130 
Megacolon, congenital, June, 644 
Meningioma, spmal, protruded disk and, 
differentiation, April, 276, 279 
Mikulicz operation, modified, June, 607 
for carcinoma of colon, June, 610 
unusual complication, June, 623 
Miller-Abbott tube in intestinal obstruc- 
tion, Feb, 189, Apnl, 386, 387 
Moores pins in fractures of femoral 
neck, Feb^ 230 

Morphine contraindicated m asthma, 
June, 678 

preoperative and postoperative use, 
in aged, June, 716 


nics, Feb , 102 

Nerve, facial, traumatic lesions secon- 
dary to war woiinds, lepaii of, June, 
763 

penpheral, lesions, diagnosis of, 
April, 432 

Neuralgia, tngenunal alcohol injections 
tor, June, 775 
medical therapy, June, 774 
penpheral neurectomies for, June, 
778 

treatment, role of minor proce- 
dures m, June, 774 

Neurectomy, penpheral, for tngemmal 
neuralgia, June, 778 
Neunnoma of spinal cord, protruded 
disk and, differentiation, April. 275 
Neurofibroma of spinal cord, removal, 
hemilaminectomy for, Feb, 74 
Neurogenic tumor of mediastmum Feb 
134, Apnl, 290 

NippK^Paget’s disease, diagnosis, Apnl, 

sanguineous discharge from, Apnl, 
323 ^ 

Nonunion in fractures of femoral neck, 
operation for, Feb , 242 
Nose, lacerations about, Feb, 8 

Oophorectomy m caremoma of breast 
Feb , 120 

Oi«ration, choice of, renal function and. 
June, 674 

Osteotomy, subtrochantenc, m un- 
uniled fracture of femoral neck, Feb , 
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Facet's disease of nipnle diagnosis 
Apnl S25 

Pam mlJActaWe in hip follawing re 
moval of cbondrosarewia of worn 
relief by chordotomy Feb 70 
Panaealoauodenectomy fei 170 
Pantopon preoperatj\e and postopera 
Use nsp m aged June 717 
Paraldehyde preoperative and port 
operauie use in aged June 716 
Paralysis abductor of hr>^lx, arytcnoi 
dettomy for Apnl 4&} 

Paravertebral sympathetic Wool. Feb 
57 58 

Parotid tumors Apnl 480 
PatelUr cartilage defect detection Feb 
252 

Pvuwels method of cuneiform osteot 
omy m ununited fracture t>f femora) 
neA Feb 2-lfi 

Pedicle grafts from arm f ir reconstruc 
lions about face Feb 20 
PtniciUin in plvstic surgery of face 
Fcf» 31 

Peptic ulcer gastric resection for man 
igcm* nt of duodenal stump 
Feb 200 

operati ns for gattroteiunal uher 
following June 7Sl 
Pcrforntinc wounds of rectum April 
397 

Pencardftts cl tonic eotistnctjie sor 
gical fxenttuent April 477 
Pi ncardium resettion dccorticati n of 
1 eflrt by April 480 
Perineji well rofistnla frffowmg Serge 
bowel surgery June 701 
Penneplmc al scess diagnosis Apnl 
357 

lenosieal outer table grafts in cranio 
plasty Feb 37 

Penp} eral arfenes artenoseJerotre ar- 
(enopupliy of Apnf 33i 
nerve fesions diagnosis Apnl 432 
sunulaUng ruptured lumbar in 
tmcrtebral didi April ^2 
Pbeocliromocytomi of adrena) g!jnd 
report of two cases with operalrvc re 
moval of tumor Apnl 868 
Plasma infusions m protein defiaency 
Feb 192 

plastic operations fox bydrcweplwosis 
April 512 
on slull Feb 33 
repair of face with pedicle grafts 
from arm Feb, 20 

Pneumonectomy clinic on stressing 
technic of operation Feb 343 
PoKps of colon roentgen dragbosis 
double contrast enemas in June 5W 
Postoperativ e care in c-olon mtgery 
June, "06 


Postoperative complications renal func 
Uon and June 673 
ftCTiedication in bowel swgciy June 
"03 

Piwperattve care in colon surgei) 
June 706 

preparation renal function and Ju e 
672 

studies fssenba) and then sgmS 
canoe June 669 

ProvfalJc obstruction follow mg larg? 

bowel surgery Jime 695 
Protein defidency in colonic leswii 
Feb m 

feedings ora! Feb 190 
parenteral use Feb 192 

QuECKESSTtDT test Ftb 84 


Fkiucvutis niphired lumbar mtenrr 
tefnal disL and diffcrenbation Apni 

Pettum tarcHioma abdominopenwal 
resection for June 52S 
canpltcoting ufceratne cwUSp 
June 041 

diagnosis June 553 
postopervtive care June 566 
compbcations June 5”^ 
preopentiieprrparshonjJtiM 5»4 
site of growth /uw 531 » 

liemotrbape from dugnosnc 
cance June 574 
inyunes June 665 
tumors djvnhes m June 5M 
mcw.'kJs perforation At'™, 

Beftex sympathetic d)stmphy Juw 

Itcfngerauon anesthesia for ampoti 
lions Apnl 509 r- t ? « 

Besection of colon prniufy ecu ‘ ” 
June, 606 , r-,li 

strmiacn duodenal stump in tr 

Rh factor in Mood transfusion J'w*' 

Rib grafts in crapjprl»')y if of 

Roentgen caslrahon m esremotna 
breast June 731 
dagnosis of bf^e fumu« 

414 k 

of certain diseases of 
agus A; nJ S06 , , ^ 

of colonic lesions metboos I 
605 > 

use of double 
emas in June 59-! 
of knee joint injuries ^^4, 
treataent of carcinoma of 
june 750 

of metastatic earcin^a « 
versus surgery Feti-, aw 
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Sarcoma of breast, June, 718 
Scalp, lacerations, Feb , 5 
Sedati\es, preoperatne and postopera- 
tive use, in aged, June, 715 
Semilunar cartilage, loose or tom, ex- 
exaimnation for, Feb , 251 
Skull defects, repair, with special ref- 
erence to use of tantalum, Feb, 33 
Smith Petersen nail m fracture of fem 
oral neck, Feb , 234, 23Q 
Spmal curd, lesions, ruptured lumbar 
mtervertebral disk and, differentia- 
tion, Apnl, 272 
block, test for, Feb , 84 
cord, neurofibroma, remo\ al, liemi- 
lammectomy for, Feb , 74 
puncture, Feb , 78 

diagnostic mdicabons, Feb , 82 
headache followmg Feb , 87 
technic and equipment, Feb, 78 
technical difficulbes, Feb , 80 
theiapeubc indications, Feb , 85 
Sprue, June, 592 

Steinmarm pm m imunited fracture of 
femoral neck, Feb , 244 
Stomach, resection, for peptic ulcer, in- 
adequate, gastrojeiunal ulcer fol- 
loiving, June, 755 
management of duodenal stump, 
technical details, Feb , 200 
Strictures of esopha^s, June. 735 
Submaxillary neck dissecbon, Feb , 107 
Subtrochanteric osteotomy m ununited 
fractures of femoral neck, Feb, 245 
Sudeck’s spdrome June, 780 
Sulfonamides, administration, renal 
funebon and June, 673 
Suprahyoid neck dissection, Feb, 107 
Supraomohyoid neck dissection, Feb , 
107 

Surgical diagnosis, siTnoosium on, April, 
271 

teclinic, symposium on, Feb , 1 
Sutures in facial surgery, Feh, 7 
Syme amputation, inclicitions April, 
422 

Sympathectomy, lumbar, effects Feb , 
67 

for congenital megacolon, June, 
645 

indications, Feb , 59 
technic, Feh , 56 

Sympathebc dystrophy, reflex June, 780 
Synngomyelia, protruded disk and dif- 
ferentiabon, April, 278 

Tantalum cranioplasty, Feb , 35, 48 
Technic, surgical, symposium on, Feb, I 
Teratoma, mednstiml anterior. ApnL 
289 

of spinal cord, protnided disk and 
diffcrentibon, April, 276 


Thiamme chlonde jn Ingemmal neu- 
ralgia, June, 775 

Tliigh, amputations, sites of election 
April, 498 

Tliromoophlebitis, postopcratiM., Jtint, 
707 

Thymus, Ii>'perlrophy and tumor, diag 
nosis, Apnl, 287 

Tliyrmd gland, carcinoma, total th> - 
roidectomy m, Feb, 100, 110 
Thyroidectomy, indicabons, Feb , 92 
technic, satisfactory method for young 
surgeon, April, 457 
subtotal, Feb, 93 
teebme, Feb, 91 

total, in circinoma of thyroid, Feb, 

100, 110 

indications for, Feb , 99 
Thyroid parathyroid tumors of mechis- 
tmum, April, 287 
Tic douloureuv, June, 774 
Tinelssign Apnl, 438 
Trinsfiisions, m major surgery, factors 
of safety, June, 682 
reactions, June, 682 
allergic, June, 687 
circulatory, June, 687 
febrile, June, 687 
hemolytic, June, 682 
Hh factor m June, 686 
use of stored blood June, 689 
Tnchlorethylene inhalation m trigem- 
inal neuralgia, June, 775 
I Trigeminal neuralgia, treatment, role 
I ot nimor procedures m, June, 774 
Tuberculosis, intestinal, June, 585 
surgical treatment, June, 656 
I of colon, Feb, 184 
I pulmonary, treatment, bronchoscopy 
m planning, Aprif, 202 
Tumors of bone, diagnosis, April, 410 
of breast, diagnosis, April, 319 
of colon, malignant, Feb , 186 
of duodenum, malignant, Feb , 163 
ot esophagus, roentgen diagnosis, 

Apnl, 316 

of mediastinum neurogenic. Feb . 
134 

of parotid gland April, 480 
of spmal cord ruptured lumbar inter 
vertebral disk and, differentiation, 
Apnl, 274. 279 

Ulcer, gastrojejunal, June, 751 


June, b48 

Ureter, dilatation, following large bowel 
surgery, June, 693 
injuries, in large bowel surgery, June, 
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June. 701 following larg« 
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June, 695 
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SYMPOSIUM ON pain IN THE SHOULDER 
AND 


INTRODUCTION 
H Herman Young 

Pain in the shoulder and arm is a common symptom among pabents 
seeking medical diagnosis and treatment That this symptom may be 
the result of a serious pathologic lesion that may prove fatal is not 
generally appreciated by tlie medical profession at large In a case 
which was obsened recently m the Section on Orthopedic Surgery, 
the pabent complamed of pam m tlie left shoulder and ann The pain 
was present during rest and acbvity From the orthopedic standpomt, 
no lesions could be found to account for the paUenfs symptom, and a 
neurologic examination also failed to disclose any abnormality. A 
cardiologist, who saw the patient m consultabon, made a diagnosis of 
severe cardiac infarction The pabent died a few weeks later. This 
case emphasizes the seriousness of a lesion which may produce a seem- 
ingly minor symptom According to Brain, the examinabon of each 
organ of the body may ‘seem to be foolish counsel and only counsel 
of perfection, yet, its neglect sooner or later will lead to the manifesta- 
hon of a serious disease being rraslaken for a bivial local disorder ” 

In all cases of pam m the arm or shoulder, the physician should 
obtain a detailed histor} This should mclude the pabent s occupabon 
and whether or not an injury preceded the onset of symptoms. Nota- 
t.on should be made of the dale of onset of the pain and whether or 
not the onset was gradual or sudden The site of the pam should be 
located as acmrately as possible and its character should be recorded 
that IS, Mhether or not it radiates or is associated mth tenderness 
paresthesia or muscular weakness One should record whether or not 
pain IS relieimd by rest or whether it occurs only on exert.™ In 
die laltM case, the tp,e of exertion that produces the pam shoufd be 
noted The history also should contain a notation of whether the pam 
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IS piocluced by physical exertion of the entue body or by local motion 
of the ann and shoulder Finally, an accurate history should contain 
data legarduig assocnted symptoms such as dyspnea, abdominal pain 
and tenderness, and a record of all factors that aggravate the symp 
toms 

Tlie second essential piocedure in tlie diagnosis of tlie cause of pain 
in tlie arm or shoulder is a complete physical examination Examina 
hon of the heart, lungs, abdomen, pelvis, rectum and nervous and 
vascular systems occasionally will disclose a lesion that is producing 
pam in the arm or shoulder In cases in which the lesion is localized 
m tlie shoulder or arm, the site of involvement should be examined 
for swelling and tenderness and the hmb should be examined for an> 
limitation of active or passive motion One should search for enlarged 
supraclavicular or axillary lymph nodes, tenderness of the brachial 
plexus or ulnar nerve, reflex or sensory changes, venous congestion 
abnormal pulsations, bruits, thrills, atrophy and weakness Finally 
roentgenologic eximinabon will be of value m many cases The extent 
of this examination should be determined by the results of physical 
examination 

A physician cannot be a specialist in all branches of medical science, 
however, m order to make an accuiate diagnosis of the various lesions 
that may cause pam m the arm or shoulder, he should have some 
knowledge of orthopedics neurology, cardiology and of diseases of 
the abdomen, thorax and blood vessels For this reason, the orthopedic, 
neurologic, cardne, thoracic, abdominal and vascuhr aspects of pain 
in the arm and shoulder will be consideied m this symposium 



THE ROLE OF THORACIC DISEASE IN THE 
PRODUCTION OF ARIM PAIN 

Arthur M Olsen 

Pain tlmt is referred to the shoulders and upper extremibes may 
be caused by several clinical conditions winch have their origin within 
the thorax Pam of cardiac origin is considered in another section of 
this symposium I shall consider referred pain caused by lesions of the 
superior sulcus of the thorax, pam of esophageal origin and pain 
caused by disease processes whicli involve the diaphragm 

LESIONS OF THE SUPERIOR PULSIONARY SULCUS 
The most common lesion of die superior sulcus of tlie tliorax which 
causes arm pain is a malignant tumor of the apex of tlie lung Malig 
nant tumors of the apex of the lung are usually primary bronchiogemc 
carcinomas but metastatic carcinoma occurring at tins site may pro 
duce the same symptoms The symptom complex whicli may occur in 
association with tumors of tlie apex of the lung was described by 
Pancoast and has been referred to commonly as the Pancoast syn- 
drome In addition to a loentgenograplnc shadow at die apex of the 
lung the syndrome usually includes a neuritic type of arm pam, 
atrophy of tlie muscles of the hand and arm and Homer’s syndrome 
Roentgenologic evidence of malignant destruction of contiguous nbs 
may also be demonstrated and sometimes tlie vertebral bodies are in 
vaded Moersch, Hmshaw and Wilson reviewed the experience of the 
consultants at tlie Cbnic with this group of tumors They found that 
tlie Pancoast syndrome was not a distinct clinical entity Any lesion 
of the supenor pulmonary sulcus which is adjacent to the brachial 
plexus or sympathetic chain may Tepnoduce some or all of these symp 
toms Neurofibromas or even inflammatory lesions of the lung situated 
at tlie apex of the thoracic cage may cause tlie symptom complex 
The pain associated with supenor sulcus lesions is likely to be a 
severe shooting pain extending from the supraclavicular region to tlie 
finger tips Muscle atrophy and Hornet’s syndrome frequently are later 
manifestations A roentgenograpluc study of the tlionx is certainly m 
dicated whenever the cause of arm pain is obscure 

pain of esophaceal origin 

Moersch and Miller have reviewed tlie subject of esophageal pam 
and have correlated tlie present knowledge of tlie innervation of tlie 
esophagus wth clmicil observaUons They have considered the role 
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of the vagus, phrenic and sympathebc nerves m the cause of referred 
pain observed in certain types of esophageal lesions 

Organic lesions of the esophagus, such as carcinoma or esophagitis, 
often cause pain, however, the pam of such lesions usually is localized 
m the substemal area Patients are usually more accurate in localiz 
mg lesions of tlie upper part of the esophagus than they are in lo 
cahzmg lesions of the lower part of the esophagus It is rather uncom 
mon for lesions of the esophagus to give rise to referred pam 

Spasm of the esophagus is likely to produce pain that is refened 
into the neck and arms Diffuse spasm of the esophagus is a clinical 
entity which is commonly confused with cardiospasm Pam is the pre 
dominant symptom in four of five cases of diffuse spasm and the pam 
IS commonly referred to the epigastrium and thoracic segment of the 
spinal column, to the neck, the jaws, the cars and somebmes to one 
arm or both arms The pam of diffuse spasm is often produced by 
nervous tension In cases of early cardiospasm, the pain may be of a 
colickv nature In the advanced stage of cardiospasm, the greatly di 
lated esophagus seldom produces pam Esophageal spasm may occur 
wth foreign bodies or diverticulas and the pam may simulate the pain 
of diffuse spasm or cardiospasm 

PAIN OF OIAPIIRAC^UTIC OniClN 

The phrenic nerves originate from the third, fourth and fifth cer 
vical segments and pass through the thorax to innervate the diaphragm 
Pamful stimuh from the diaphragm apparently are earned by the 
phrenic nerves to the cervical segment of the spinal column where con 
nections are made \vith nerves that make up the brachial plexus 
Diaphragmatic lesions thus may cause pam in the arms Such pain 
IS referred along the radial rather than the ulnar aspect of the arm 
Inasmuch ns cardiac pain is referred to the ulnar aspect of the arm 
theoretically one should be able to distinguish cardiac lesions from 
diaphragmatic lesions by the distribution of the arm pain Unfortu 
nately, the clinical distinction is often very difficult to make The fact 
that pam of cardiac origin and that of esophageal ongm have the 
same distribution when referred lo the arm makes differential diag 
nosis even more difficult 

Lesions of the central portion of tfie diaphragm may be refened to 
the arm Thus esophageal hiatal hernias are the commonest cause of 
arm pam of diaphragmatic ongm Lesions affecting the periphery of 
the diaphragm are more likely to give nse to intercostal pain It must 
be remembered that diaphragmatic pleurisy also produces pain in the 
shoulder and arm Postoperative pulmonary embolism most commoni) 
causes diaphragmatic pleural pam However, one must also think of 
subphrenic processes when arm pam occurs 
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TIIORAaC DISLASE IN PBODUCTION OF ABM PAIN 

SUMMARY 

Whenever arm pam occurs which has no obvious cause, inquiry 
should be made with reference to possible disease of the lungs, 
esophagus or diaphragm Inasmuch as arm pain may be tlie mitial 
or predominant symptom of such mtrathoracic lesions, roentgeno- 
graphic study of the thorax, esophagus and stomach is necessary if 
such conditions are to be excluded Usually, associated symptoms or 
findings can be elicited which will confirm or deny the existence of 
thoracic disease 
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ARai PAIN DUE TO HEART DISEASE 


Kabby L Smihi 

Ttrr most common site of caidiao pam is m the antenoi part of the 
thorax, under the sternum Pam situated in this region usually is not 
considered as referied pain Referred pain, resulting from heart dis 
ease, occurs more often in the arms tlian it does m any other part of 
the body Cardiac pam that is referred to the anns is produced by a 
rather complicated mechanism It is thought that the pam impulses 
begin in the nerve endings in the heart muscle There are three cardiac 
plexuses, namely, a superficial plexus and two deep plexuses The 
superficial cardiac plexus is situated in the concavity of the aortic 
arch, m front of tlie bifurcation of the left pulmonary artery It has 
not been actually pro\ ed that this plexus transmits pain impulses Each 
deep cardiac plexus is situated behmd the aotUc arch on either side 
of the trachea. Just above its bifurcation The pain impulses originate 
in the nerve endings and they pass upward through the cardiac 
plexuses and ascend through the middle and inferior cirdiic nerves 
to their respective ganglia From here, the impulses descend in the 
paiavertebral sympathetic chain, they then pass through the white 
rami communicantes to the gao^a on the posterior roots of the spinal 
nerves In the spinal cord, the impulses are carried by the lateral 
spinothalamic fasciculus on the opposite side From here, they pro- 
ceed to the cortex by way of the thalamus 

jfust hoiv pata diat originates la the heart produces the impression 
that it comes from the atm is not clearly understood * One of Ae most 
recent explanations of this phenomenon is that pam which originates 
in a visceral organ, such as the heart, and proceeds through certain 
segments of the spinal cord and ascends to higher centers m the brain 
js projected m space to a somatic slnicture, such as the atm, from 
which painful stimuli arise by employing the same segments of the 
spinal cord that are traversed by pain impulses commg from the 
viscera 

The most common cardiac diseases that produce pun in the ^ 
are (1) coronary sclerosis associated with angina pectoris and (2J 
acute coronary occlusion Occasionally, syphilitic aortitis which m 
volves the coronary orifices will produce pam m the arms Very rarely 
pericarditis and paroxysmal tai^ycardia will produce pam in the 
arms Dissecbng aneurysm of the thoracic aorta may rarely produce 
pam m the arms The actual pam is supposed to be due to anoxia from 
ischemia of the cardiac muscle 

The pam that occurs in the arms in cases of heart disease is 
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aching type of pain. Sometimes, patients will refer to it as a cramp- 
like pain. The pain in the arm usually occurs at the same time as the 
pain in the thorax. Often, the patient will describe the pain in the 
arm as tliough it extended upward and outward from the sternum to 
the shoulder and down the arm. The patients usually will feel or ex- 
perience the thoracic pain and, at the same time, they will feel the 
pain in their arms. The pain may be felt in both arms, but it most 
frequently is in the left arm. The pain usually is felt on the inner 
side of the arm and extends do\m\vard as far as the elbow. It may be 
felt in the upper part of the arm. It usually stops at the elbow, but it 
may be felt in the wrist at the same time. As a rule, it is not a con- 
tinuous pain all the way do\vn the arm. Sometimes the pain will ex- 
tend do\vn to the finger tips. ^Vhen llie pain extends do\vn to the 
fingers, the character of the pain often will change. Patients will de- 
scribe the pain in the fingers as a burning and tingling sensation. The 
pain may involve all of the fingers, but it most frequently involves 
only the small and ring fingers. Sometimes the pain will start in the 
fingers and extend upward, but this occurs so rarely that, for practical 
purposes, it may be disregarded. Sometimes there are hyperesthesia 
and tenderness in these areas. 

The most important character or feature of pain in the arms is that 
it must be produced by effort. It occurs during an effort and not after- 
ward. Body effort, such as walking, lifting or shoveling, usually is 
required to produce the pain. As a rule, moving arms alone will not 
produce pain in the arms unless the heart disease is far advanced. 
The pain is produced by effort and relieved by rest. It may be pre- 
cipitated by excitement and anger. The pain usually lasts from a half 
minute to tivo or three minutes but it may last twenty minutes. In 
the presence of coronary occlusion, the pain may last an hour or 
longer. 

The pain in the arms that is associated with angina pectoris is re- 
lieved by rest and administration of glyceryl trinitrate. Relief usually 
ocaus in tivo to five minutes. As a rule, the more severe the pain is 
in the arm, the more severe the heart disease. Severe pain in the arms 
in cases of coronary disease usually denotes a bad prognosis. 
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PAIN IN THE UPPER EXTREMITY CAUSED BY 
PERIPHERAL VASCULAR DISEASE 


Nelson W Barker 

Peripheral vascular disease is an uncommon cause of pain in the 
upper extremity In the differential diagnosis of the causes of pain m 
this part of the body, a relahvely simple exammabon will suffice to 
exclude penpheral vascular diseases The presence of any of the fol 
lowing Endmgs may indicate penpheral vascular disease swelling dis 
coloration, prominent superficial veins, ulcerabon or gangrene of the 
digits, absence of pulsation m the radial, ulnar or brachial arteries 
palpable thrombosed veins abnormal coldness or warmness of the 
skin, thrills, bruits, and pulsatmg masses If none of these physical 
findings are present, it is almost certain that the pain is not caused 
by vascular disease 


SUDDEN ARTERIAL OCCLUSION 

The pain of sudden arterial occlusion may be moderate or severe 
It IS usually diffuse throughout the hand and forearm and frequently 
IS associated with a sensation of numbness The onset may be abrupt 
or gradual during a few hours The hand and forearm are cold and 
pale The superficial veins are collapsed and the arterial pulsations are 
absent below the proximal point of occlusion Hypeslhcsia or even 
anesthesia having a glovehke distribution may be present Muscular 
weakness of the hand and forearm and e\ cn paralysis may occur 
Sudden arterial occlusion m the arm may result from embolism or 
from thrombosis in situ In cases of embolic occlusion the embohsm 
almost always comes from the heart and the patient has serious heart 
disease such as auricular fibrillation, myocardial infarction or sub- 
acute bactenal endocarditis ^Vhen the occlusion is thrombotic, the 
thrombosis may occur as a postoperative complicabon as a result of 
severe blunt mjury, as a complication of blood dyscrasn or congestive 
heart failure or it may occur dunng the course of thrombo anguhs 
obliterans Acute arterial thrombosis in the upper extremity from other 
causes including arteriosclerosis obliterans and idiopathic or essential 
thrombosis is very rare 

CHRONIC OCaUSIVE ARTERIAL DISEASE 
When pam m the upper extremity is due to chronic ischemia the 
cause IS usually obvious The pam usually is situated in the digits 
and IS frequentiy associated witfi trophic changes ulceration or gan 
grene of the digits Usually, it is less severe than the pain which is 
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present in the lower extremity as a result of this disease The painful 
digits, if not ulcerated or gangrenous, are frequently red or cyanotic 
and they are almost always colder than the other digits They usuall) 
blanch excessively on elevation Pulsation m one or both of the ar 
lenes at the wnst usually but not invariably is absent 
Chronic occlusive artenal disease less frequently produces two other 
kmds of pam in the upper extremity Intermittent claudication is a 
muscular distress which occurs only after a period of use of the mus 
cles and is relieved promptly by rest of the muscles Pulsations in the 
major artenes are almost always absent at palpable points proximal 
to the site of tlie claudication Ischemic neuritis may occur after acute 
artenal occlusion or in chrome occlusive arteml disease if the sub 
clavian or axillary artenes are occluded and pulseless Ischemic neu 
ntis may produce xanous types of paresthesia and severe paroxysmal 
pains of wide distnbution Reflexes are not commonly lost and com 
plete paralysis is rare in cases of ischemic ncuntis 
Thrombo angutis obliterans is the only chronic occlusive artenal 
disease that commonly affects the upper extremity Involvement by 
artenosclerosis obliterans is rare Occlusion of the artenes may be 
associated with cervical nbs and the scalenus syndrome The artenes 
of the dominant hand may become occluded as the result of chronic 
occupational trauma 

RAYNAUD S DISEASE AND AtUED DISORDERS 
Uncomplicated Raynaud’s disease rarely produces pam There may 
be some numbness and tmgling during the phase of pallor or mild 
achmg m the digits during the phase of rubor The small trophic le- 
sions of the finger bps which occasionally complicate Raynaud s dis- 
ease may be painful Several of the diseases which produce secondary 
Raynaud s phenomena may produce pain Acroscleroderma (acroscle 
rosis) may cause severe pam in the digits and ulceration and gangrene 
similar to those seen in thrombo angiibs obliterans It also may pro 
duce pain and stiffness in joints The diagnosis of acroscleroderma is 
obvious from the thich, b^t skin, particularly of the digits but often 
of the hands, arms and face as well Cervical nbs and the scalenus 
anticus syndrome may produce Raynaud’s phenomena and pam in the 
arm and hand, but the pain is not associated directly with the Ray- 
naud s phenomena It is caused by compression of the brachial plexus 
If secondary artenal thrombosis occurs, there may be pam m the 
digits as a result of chronic ischemia \Vhen pain occurs in cases in 
which Raynaud’s disease is secondary to disease of the spinal cord 
or penpheral nerves the pam is the result of the primary lesion and 
not of the vasomotor manifestabons 
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CnYTUROSinULCIA AND ALUED DISORDERS 
EryUirotneklgta is a rare vasodilating disorder and a still rarer 
cause of pain m the upper cxtrenuty The pain occurs m the affected 
part, digits or hand, and may be bikteral It xs episodal, of a burning 
type, and is always accompanied by increased objective beat of die 
skin of the affected part Sudek*s atrophy and some causalgc slates 
may produce chronic vasodilatation and increased local heat The 
vasodilatation may contribute to the pain but is not the primary cause 
of the pain 

. ARTERIAL ANEURYSM 

Arterial aneurysms of the upper extremity are usually of traumatic 
origin They may cause local pain if they enlarge and press on nerves 
They are easily recognized as pulsating tumors in the course of large 
arteries 

ARTERIOVENOUS FISTULA 

hiany arteriovenous fistulas both congenital and acquired are pain 
less but they may produce t\vo types of pam One type is a diffuse 
aching, particularly after use of the extremities This is the result cf 
congestion The other is a more constant pam m a cold, ulcerated or 
gangrenous digit This is the result of ischemia since the blood may 
be shunted away from the capillary bed of one or more digits Arteno* 
venous fistulas ore almost the sole cause of dilated tortuous and van 
cose veins of the upper extremity and the dilated veins are obvious if 
there is sufficient congestion to produce patn Thrills and bruits ar« 
constant manifestations of traumaUc arteriovenous fistulas and are bo 
quently present ui cases of congenital arteriovenous fistula The arm 
affetrfed bv congenital artcrioienous fistula is usually longer than the 
normal arm If there are no dilated a eins no thrills or bruits and if 
the length of the arm is not increased, artenovenous fistula can be 
excluded as a cause of pam 

ACUTE TIIROaiBOPnLEBiTIS 

Acute thrombophlebitis may produce pam in tlie region of the 
affected vein If the axillary or subclavian vein is affected, the throm 
bophlebitis may produce diffuse aching pain throughout the arm 
Thrombophlebitis of the median basilic or median cephalic vein is 
not uncommon after the injection of drugs or hypertonic solutions or 
any type The affected vein may be painful and can be felt as a tender 
cord There is usually some redness of the skin over iL 
^ 1. 1 *1.^ r veins of the arm may 

n 
T 

tender red cords m or {ust imde 
normal visible superficial veins 
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Acute axillary or subclavian thrombophlebitis produces both local 
and diffuse pain iu the arm. It also produces enlargement (sometimes 
pitting edema), cyanosis of the skin and prominence of the super- 
ficial veins. The axillary vein can usually be felt as a tender cord. 
Axillary or subclavian thrombophlebitis may occur as a complication 
of surgical operations, severe injury, infectious diseases, congestive 
heart failure and blood dyscrasia. Occasionally, it develops in healthy 
adults after a mild strain of the abducted arm, which may be in- 
curred during work or athleUcs. 

CHHOMC VENOUS INSUFFICIENCY' 

Chronic venous insufficiency of the arm is rare. It may follow axil- 
lary or subclavian tbrombophlebilis and usually occurs with arterio- 
venous fistula and occasionally with extensive hemangioma. A dull 
aching pain in the arm occurring particularly after sustained muscular 
effort and disappearing slowly after activity ceases, may be caused by 
chronic venous insufficiency. If it is sufficiently severe to produce this 
distress, chronic venous insufficiency may be recognized by promi- 
nence of superficial veins, increased venous pressure in the ami and 
difiuse enlargement of the arm. 

ACUTE DIFFUSE LYMPHANGITIS 

Acute diffuse lymphangitis of the arm may follow local injury or 
infection or may occur spontaneously at an interval after injury to or 
operations on the axilla, such as rascal mastectomy. It may compli- 
cate diseases in which axillary lympbadenopathy occurs and it may 
compb'cate lymphedema due to any cause. Acute diffuse lymphangitis 
usually causes moderate to severe diffuse pain. Other manifestations 
are diffuse redness, swelling and increased heat in the arm, and chills, 
fever and malaise. 


CimONlC LYJIPHEDEMA 

Chronic lymphedema may produce some heaviness in the arm but 
does not often cause pain. The diagnosis is obvious from the enlarge- 
ment and brawny induration without evidence of venous congestion. 

sumbiary 

Peripheral vascular disease is a relatively uncommon cause of pain 
m the upper extremity, men it is the cause of such pain, a compara- 
tively simple examination wfll quickly reveal the manifestations of 
the vascular disease. 



NEUROLOGIC CAUSES OF PAIN IN THE UPPER 
EXTREBirriES 

With Particular Reference to Syndromes of Protruded Inlener. 
tchral Disk in the Ccr\ical Region and Blechanical 
Comt>ressian of the Brachial Plexus 

L M Eatov 
INTRODUCTION 

The importance of neurologic lesions tliat produce pam in the upper 
extremities bes not in their frequency but in their accounting for a 
considerable number of those pains tliat are most severe, most pro 
traded and most amenable to treatment This is particularly true 
since the realization that some of the severest pains result from pro 
trusions of intervertebral disks in the cervical region Often the pain 
resulting from these lesions is attributed erroneously to hypertrophic 
arthritis of the cenical portion of the spinal column, neuritis of the 
brachial plexus, cervical radicuhtis or compression of the brachial 
plexus by the anterior scalenus muscle With tliese facts in mmd, I 
shall devote the major portion of the discussion to those lesions which 
occur most commonly and for which treatment is available, namely, 
mechanical pressure on the brachial plexus and protrusions of cervical 
disks Lesions winch are encounter^ less frequently or are less re 
sponsive to treatment will be discussed more briefly. 

Before I proceed to a discussion of the specific lesions, it may be of 
value for me to call attention to the difllciilty in differential diagnosis 
beUveen neurologic lesions m general and non neurologic lesions which 
give rise to referred pam Pam from viscera or deep lying somatic 
structures such as muscles, joints or ligaments tends to be referred 
segmentally, just as pam arising from disease of a nerve root or 
IS projected into tlie segment supplied by the affected fibers far be- 
yond the site of the lesion For example, a lesion in a deep lying 
somatic structure, such as the ligament between the spines of the 
sixth and seienth emreaf terteinne, may produce pain relefredto 
approximately the same area as that in which pam can be caused by 
compression of the seventh cervical nerve root by protrusion of the 
intervertebral disk behveen the sixth and seventh cervical vertebrae 
Lewis pointed out that somatic and visceral lesions may, m addition 
to pain, give rise to muscle spasm deep tenderness, hyperalgesia an 
defimte paresthesia Althou^ this mvestigator found that dehm e 
paresthesias of numbness and tmglmg resulted from experimental e- 
sions of somatic structures and viscera, I think it advisable to po>® 
810 
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out that these sensory phenomen'i seldom are encountered clinically 
Well-de\ eloped paresthesias should direct the diagnostic efforts first 
toward a search for lesions directly in\oKTng the penpheral or cen 
tral nervous system 

LESIOS OF THE CEiNTRAL NER>OUS S\STE>I 
Intramedullary lesions of the central nervous sjstem ^vhlch are 
relatively uncommon, may gi\ e nse to pain in the upper extremities 
^Vhen they do, the pain usuallj is the result of invohement of the 
sensory pathways m the cervical portion of the spinal cord, the brain 
stem or the thalamus The fact that the pain ansmgfrom imolvement 
of the sensory tracts lends to spread bejond the confines of the upper 
extremity to the trunk and even to the lower extrenut> on the same 
side gi\es a clue as to the central site of the lesion producing it The 
situation is sooner or later clarified by such observ ations as dissociated 
anesthesia— for example, the loss of pam and temperature sensation 
but preservabon of tactile sense— and bj signs mdicabie of involve* 
ment of the p>Taimdal tract and so on, which attest to the presence of 
a lesion m the substance of the central nervous s>stem SjTmgomyeha 
and intramedullary tumor of the spinal cord are common examples 
of intramedullary lesions that may gi\e nse to pun in the upper 
extremity 

LESIONS OF THE NER^X ROOTS 

Miscellaneous —Of greater importance from the standpoint of fre 
quency of occurrence are intraspmal lesions that produce pain b> pres 
sure on, by mvasion of or by other types of involvement of, the sensory 
nerve roots Rheumatoid spondylibs protruded mleiv ertebral disks 
extramedullary tumors of the spinal cord, all of v\hich may occur in 
the cervTcal region are among the causes of root pam Fortimatelj 
root pam has charactensbes which serve to disbnguish it from other 
types of pain and thereby direct attenbon to the site of die lesion at 
the interv ertebral foramen or along the nerv e root, mbraspmally 

Three charactensbes of root pam arc of greatest value m differenhal 
diagnosis The first is the distnbubon of pam within the segment sup* 
phed by a parbcular nerve root The second is the frequency with 
which the pain is intensified by coughing, sneezing and strainmg such 
as occurs in hfbng defecabng voidmg laughing and blowmg the 
nose The author has presented evidence to show that, m most cases 
this effect is not due to an increase m intraspmal pressure per se but 
rather, that it results from mcreased mtrathoracic and mtra ahdommal 
pressure blockmg the flow from the mlervertebral i eins Engorgement 
of the veins in the epidural spaces thus occurs and this m turn either 
produces pressime on the nerve root directly or stretches the root bv 

displacing the dura toward the spmal cord 

The third most valuable charactensbc in diagnosis is the intensifica 
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tion of the root p-«n which is brought nbout by other means of 
stretching the involved nerve roots Thit is to say, die roots may be 
stretched by movements of the spinal column by downward tracUon 
of the arm when roots in tlie c^vical region are involved and by the 
Lasdgue maneuver when lesions involving the lumbar plexus ire 
present 

rurtlieimore I believe that a patients root pam is intensified at 
night after several hours m the horizontal position, and that it is 
'lUeviafed by resumption of the upright position as a result of stretch 
mg and relaxing of the nerve roots Stretching of the nerve roots most 
often results (rotn the fact that the spinal column elongates while one 
IS m the horizontal position wheieas the nervous elements within the 
column do not elongate concomitantly 

Extramedullary tumors sudi as neurofibromas, situated where they 
are likely to involve roots of the fifth cervical to the second thoracic 
nerves frequently give rise to pam m the upper extremity long before 
other signs and symptoms have appeared Palpation of a mass at an 
appropnate intervertebral foramen m the cervical region or locnt 
genographic evidence of in enlarged foramen, may give evidence of 
a dumb bell shaped neurofibroma Intraspmal neurofibromas and odicr 
evtramedullary tumors may be revealed by roentgen ray evidence of 
eroded vertebral pedicles or bodies by the increased content of pro 
tejjj in the cerebrospinal fluid and later by the findings of compres 
Sion of the spinal cord dynanwe block (manifested by positive result 
of Queckenstedt test) at lumbar puncture, and by visualization of a 
lesion in the xubaradinoid space when roentgenoscopy is earned out 
after the uitroduction of contrast media 

Metastatic tumor which involves tibe nerve roots « suggested by the 
rapidity of progression, and can be distinguished by history or 
the finding of primary malignancy elsewhere and by oUier evidence 
of metastasis such as is found in roentgenograms of the thorax and 
spinal column 

Infiammatory lesions are hkely to involve several nerve roots sitnui 
taneously and to be associated with inflammatory processes outside 
the centTil nervous system Tims nonspecifio epidural abscess fre 
quently follows a boil or otlier cxtraspinal infectious process aad 
manifests itself by severe bilateral toot pain followed by sij^ns of 
dysfunction of the spinal cord The cell content of tlie spinal Bui 
-» -> r dvmrnic block develops before or as signs of 
rvirtradieuhhs may 
• on lum 

bar puncture , . 

’Xu'- - ’n,is lesions which produce root pam tdu 
tjicar ’ ' roTTimon to tuberculosis 

and 
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Traumatic spinal lesions, such is fracture dislocations wluch at tunes 
produce root pain, are readily detected roenlgenographically and are 
suggested by the history and signs of dysfunction of the spinal cord 
at the appropriate level 

Protruded Intervertebral Dist.-^One of the most common and. 
most important causes of root pain in the upper eactremity is protru 
Sion of intervertebral disks in the cervical region Today, the status 
of this particular problem is somewhat analogous to that of pro- 
truded disks m the lumbar region a decade ago At that tune, the 
cause of the chmeal picture produced by protrusion of disks m the 
lumbar area was not generally recognized Often it was erroneously 
attnbuted to a host of what were at best merely academic possibihbes 
Today, a sufficient number of carefully studied cases of, and success 
fully treated patients with, protruded disk m the cervical region have 
been recorded so that the characteristic clmical picture can be de 
scribed with some degree of accuracy 
As expenence with protrusions m the cervical region accumulates 
atypical pictures undoubtedly will be encountered and there is danger 
that enthusiasts nviU tend to explain, on this basis, all pain in the 
upper extremities for whicli no obvious explanabon exists It \viU be 
come increasingly important that the surgeon give unbiased considera 
tion to each case and a thorough trial of conservative treatment before 
resorting to surgical exploration 

Protruded diste m dbe cervical region occur less frequently than 
those m the lumbar region but they are not so rare as was behe% ed 
a few years ago The earbest cases desenbed tended to be those in 
which the protrusions were largest and produced the most obvious 
objective signs of neurologic disease Thus, chondromas have now been 
recognized as being protruded disks The earher cases verified sur- 
gically at the Mayo Clmic were characterized by a predommance of 
symptoms and signs of compression of the spmal cord, whereas anal- 
ysis of those cases m which surgical mlervenhon has been earned out 
during the last few years shows only a few such symptoms and signs 
In the majonty of recently verified cases the subjective symptoms of 
pain and paresthesia dominate the dmical picture and the ohjeebve 
signs of compression of the spinal cord and mjury to nerve roots are 
relabvely infrequent 

This same tendency is reflected m reports from other parts of the 
country For instance, the cases reported by Stookey in 1928 were 
characterized by compression of the spinal cord, whereas m the later 
reports of Semmes and Murphey and Michelsen and Mixter the symp 
toms and signs were predommantly those of root compression 
First let us reconstruct the clinical features of protruded mterver 
lebral disks in the cervical region as desenbed by Semmes and Mur 
phey Michelsen and Mixter, Bucy and Chenault and Elliott and 
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compression test in winch the patients neck is flexed hlerally toward 
the affected side while do^vnward pressure is exerted on the /ore 
head from behmd is the maneuver most hkely to aggravate pain 
when the condition is acute Semmes and Murphey found a point of 
exquisite tenderness over the site of exit of the affected nerve root 
from the spinal canal It is pomled out tliat at times the pam may 
be alleviated by cranial traction immobilization of the neck tilting 
of the head to one side or the other usually away from the affected 
side carrying of the arm m a position of hyperabducbon (laterally 
abducted to an elevated position) and sleepmg on an extra pillow 
The objecti\e findings which will be made on neurologic examina 
tion are determmed largely by the duration and degree of the com 
pression the level of the protrusion and most importantly by the 
position of the protrusion in a transverse direcbon Objective findings 
often are lacking when a protrusion of short duration is placed far 
laterally so that only the root is compressed On the other hand a 
large midline protrusion wlucli presses on the ventral surface of the 
spinal cord may produce an incomplete transverse lesion with pro 
found motor and sensory paralysis below the affected level A pro 
truded disk which presses lightly on the veoliolateral porbon of the 
cord may cause only a loss of the abdominal reflexes or a slight in 
crease in tlie muscle reflexes avith or without the presence of the 
Babmski sign on the affected side 
The most common objective finding is some degree of loss of pain 
sense of temperature and tactile perception in the fingers and less 
commonly m the hand and forearm Slight abophy and weakness of 
the triceps brachii muscles and decrease of the triceps reflex are not 
uncommon The deltoid may exhibit some degree of abophy parlicu 
larly m compression of the sixth root and avhen the eighth is com 
pressed there may be atrophy m the small muscles of the hand Mus 
cular twitches occur but are uncommon 
There has been no parbcular emphasis on the diagnosbc impor 
tance of plain roentgenograms of the cervical part of the spinal col 
umn since they may give negative results or show only minimal 
hyperbophic changes It has not been uncommon to find narrowed 
interspaces in such roentgenograms but loss of normal cervical lor 
dosis has been Oie most consistent abnormality detected The results 
of roentgenoscopy with iodized poppy seed oil have been disappoint 
mg except when the largest disks have compressed the spinal cord 
EUiott and kremer favored the use of ethyl lodophenylundecyW® 
(pantopaque) With it they demonsbated to their sabsfacbon the 
protruded disk m all three of the cases m which it was used Atten 
bon IS called to the fact that m their eight reported cases none of the 
patients was beated surgically Consequently the diagnoses of the 
authors are unverified 
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Observations m ide at lumbar puncture have ranged from d>-nanuc 
subarachnoid block, with moderate devation of total protein content 
m cases of large protruded disks which have compressed the spinal 
cord, to discovery of a normal state m many cases Sh^t to moderate 
elevation of the total protein content was noted m five of eight cases 
reported by Michelsen and Mixter, as well as in two of four cases 
reported by Semmes and Murphey 

Serious trauma to the neck has not been found to be an essential 
precursor to the cervical disk syndrome Often very minor move 
ments, such as a quick turn of the head, have precipitated the symp 
toms, and yet a considerable number of patients have reported that 
a significant injury to the neck occurred many years before the onset 
of the complaints for which they sought relief An intermittent course 
extending over many years, has been commonly described Some pa 
tients have complained of cncks in the neck, such as are often attnb- 
uted to sleeping in a draft 

Analysis of Ntnc Cases —As an additional clieck on the syndrome 
produced by the protrusion of intervertebral disks in the cervical region 
I have selected nine cases from the series of the Mayo Clinic for 
detailed analysis All these have been verified surgically by Dr J G 
Love and Dr A W Adson For the most part, the cases were col 
lected at random, but cases m wbidi compression of the spinal cord 
was a prominent feature, and lliose in which the level of the pro 
trusion was not determined unequivocally, were excluded Neurologic 
examination in these cases was performed by Drs H \V Woltmao, 
F P Moersch, P H Heersema and the author For the sake of brev 
ity, the analysis has been tabulated and summarized (table 1) * 
shall add a few remarks which are considered pertment to the 
problem 

CoKHiENT ON Cases in Tabu: 1 —A review of table 1 shows that all die P® 
bents were men between the ages of 32 and 67 years, and Aat 


neck sustained six months before the onset of pain charactensbc of dw lesion « 
almost certainly a factor in one case and m three others in which the 
preceded the onset of symptoms by three to fifteen years it cannot j 
as a causabve factor In three cases ihc symptoms were inihaled by ® 

in three others by sudden movement of tl»« head It may be significant that 
pabent gave a history of previous low back pain and sciatic pam suggesuv 
a protruded disk in llie lumbar region 

Altenbon is called to the fact that pain was the chief compiamt in a c 
and that parestliesia consistuig of numbness, bnghng and pnckling was 
veJoped in all but two cases of the 

■ibe first symptom m three cases was pam localired to the lower pa 
cervical region In two others the first symptom was pam m the upper 
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ular region, and in another case it was pam o\er the upper part of the scapuh 
In one case pam began m the supraclawcular region In another case the pain 
manifested itself while the paUent was massagmg his scalp, and was sensed as a 
stabbing pam from the lower cerMcal region, extending through the scapular re- 
gion mto the arm In case 1 the onset consisted of a tmglmg sensation in the 
thumb as the pabent made a quick turn of the head 

The distnbubon of sensory phenomena, when these are well de^ eloped, clearh 
distinguishes compression of tlie eighth cervical nerve root from that of the sixth 
and seventh roots but distmcbon between compression of the SLxth and seienth 
roots cannot always be made on this basis Furthermore, more than one disk 
may be protruded (case 2), consequently, it would seem advisable to explore 
both the sixth and Seventh nerve roots m cases m which a protruded disk has 
been diagnosed at the level of either of these roots by clinical stud> 

There is nothmg unusual about the factors found to aggravate or alle\’i3le the 
pam m our cases, wath the possible excepbon of the tendency for a long tnp by 
automobile to be followed by exacerbibon of the pabent s symptoms Dr Wolt 
man called our attention to Uiis feature, and I predict that it will be found an 
aggra\aUng factor of frequent occurrence if specific inquiry tegatdmg this pomt 
is made Coughing, sneezing or strammg aKrasuted the symptoms of seien 
pabents Moiements of the neck mtensified the pam of eight pabents Three pa- 
tients specified that bendmg the neck backward, as m sha\mg under the chm, 
made the pain worse In one case, bteral flexion of the neck toward the affected 
side, and m another, forward flexion of the neck, were the specific mobons most 
likely to aggravate ^e pam Lateral flexion of the neck away from the affected 
side can be expected to intensify the pain if tlie shoulder on the affected side is 
Diamtamed m a depressed posibon This maneuxer results in the ezerbon of trac- 
bon on the nerve roots, and is analogous to the tracbon produced on the lumbar 
roots by the straight leg raismg test 

Few objecbve findmgs were made on neurologic exammabon of the nme pa 
bents in this group Results of exammabon of four pabents were enbrely nega- 
tive SubjecUve decrease m the perception of touch, pam and temperature on 5ie 
digits and hand xvas not unusual but m no case was anesthesia unequivocally 
present In three cases there were slight weakness and atrophy of the triceps 
muscle, with decrease of the reflex In one of these three cases there were slight 
weakness and atrophy of the Inceps and scapular muscles, muscular txMtches m 
the same muscles and m those of the radial aspect of the forearm, hyperacbxe 
muscle reflexes m the lower extremity, and a percepbble Babmski sign on the 
affected side 


Smee the tnceps muscle receues its duef innervation from the sexenth and 
eighth cemes) nen-cs, some degree of neahiess atrophy, hss of muscle stretch 
reflex, and possibly muscle txxitchmg, cah be expected to appear m this muscle 
when a protruded disk compresses the sexenth or eighth cerxucal nerve root The 
deltoid, biceps brachu and brachioradialis muscles are supplied by the fifth and 
sixth cervical nerves and, consequently, disks which compress the sixth cerxical 
nerve root are likely to cause the same changes m these muscles Disks com- 
pressmg the fifth nerxe root may affect the same group and, m addibon the 
supraspinatus and mfraspmatus musd» ’ 

There « as htlle to be found in this group of coses by lumbar puncture It u-as 
performed in eight cases and the results syere eithrel, negabre, ereept for one 

SS?ele“ated “ Surd teas 

Dr C A Good studied the pUin roentgenognuns of the cervical part of the 
sprnal colurniis of these nme pabents and found that only trvo pabenS had nor" 
mil cervical lordosis The spmal columns rrf four pabeuts uere straight through- 
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out tlie normal curve of the signal ctJnmn of anotlier patient was even reversed 
JJje upper part of tlie cervical region of two other patients showed about the 
normal degree of curvature, but the Ipwer tliree vertebrae either were straight or 
actually showed slight hyphosis The pmnt of maximal kyphosis exactly corres- 
ponded to tlie involved nerve root hi only one case In anotlier case it was cen 
tercd one interspace above tlie actual site of the lesion In still anotlier case It 
was centered one interspace below 

In four of the nine cases there was slight to moderate narrowing of the inter 
spaces at which the protruded disk was found In one of these four cases there 
was also narrowing of two other interspaces In four other cases, none of the in 
terspaces was narrowed In the remauiing case there was moderate nairowiflg of 
tlie anterior portion of the interspace below the level of the prattvisiou. 

H)’pertrophle cl anges were present m slight degree in four of the nine cases 
in moderate degree m txvo and in marked degree in one case Such ch^ges 
usually occurred at the interspace at whicdi the protrusion was found but this 
was not alw ays true These changes often occurred elsewhere In the spinal column 
too Obbque roentgenographie views were obtained in four of tlie nine cases In 
the hvo cases in which the roentgenograms showed that narrowing of the inter 
vertebral foramens caused by hypertrophic changes had occurred Uie appropriate 
foramens were invol'ed but In one case two foramens on tlie unaffected side 
were equally encroaclied on 

Roentgenoscopy after die Introduction of iodixed poppy seed oil was perfoimed 
In only two cases In botli Instances evlde»ce of the lesion was disclosed by the 
procedure 


LESIONS or THE BRACHIAL PLEXUS 
5}TidroniG8 of Mcclianic&t Compression of ibe Brocbial Pietus 
—In spite of the fact tliat the various syndromes of pressure on the 
brachial plexus have been discussed extensively m the literature, 3 fear 
that a great deal of confusion regarding t)ns condition conlicues to 
exist It IS attested to by the fact that m case 4 of table 1 antenor 
scaleniotomy bad been performed befoie the patient c^me to the Chnic 
Although there should be no difSculty m distinction between a clear 
cut case of proliuded intervertebral disk in the cervical region and a 
clear cut case of tlie so-called scalenus syndrome the fact that die 
clinical picture is not aKviys well developed, particularly early in the 
course of the disibility, m dvcs for no end of difficulty 
Furthermore, distinction of the various mechanical factors that lead 
to compression of the brachial plexus often is difficult except m die 
case of a « ell developed cervical rib Yet in the great majority of 
cases, a cervical rib is not present It is In the latter group of cases 
that greatest confusion seems to exist and it is my impression mat 
die confusion is the result of (1) failure to consider all the mechan 
ical factors known to result in compiession of or pressure on the 
plexus and (2) too great dependence at diagnosis and In decision as 
to whether or not surgical iiit^vention is advisable, on clinical test 
for obliteration of the radial pulse . 

In the first place many of the diagnosbc maneuvers used mth 
generally do not distinguish between what is normal (physiolog?''/ 
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and what is abnormal (pathologic) Furthermore, they do not give re 
liable information as to the exact site of compression Before I develop 
this theme further, it is advisable to consider the specific mechanisms 
known to lead to compression of, or pressure on, the brachial plexus 
Cervical Rib Syndrome -The syndrome produced by cervical nb is 
well established The condition occurs in women approximately twice 
as frequently as m men, and produces pain m the right arm more 
frequently than in tlie left, althougli symptoms which occur bilaterally 
are common In a recent senes of 7,706 stereoscopic roentgenograms 
of the thorax, at the Clinic, the presence of one or more cervical ribs 
was observed in forty five cases In twenty nine cases the patients 
were women 

Almost always the patient seeks relief from pam and paresthesia 
of the upper extremity The patient most often complams of a drag 
gmg sensation through the shoulders and pam distributed over the 
deltoid area to the elbow When the condition is more severe, pam 
and paresthesia occur m the ulnar aspect of tlie forearm and hand, 
and in the fourth and fifth digits At times, it spreads to the radial 
aspect of the forearm, hand and digits, and to the neck, scapular and 
pectoral regions Sometimes, the patient may complain of pam m the 
head and face on the same side 

There is a decided tendency for die symptoms to become worse at 
night while the patient is lying down At this time paresthesia may 
be particularly intense and may involve the whole upper extremity 
The patient may be awakened several times and find reUef by lying 
prone and swinging the arm over the side of the bed However, when 
the syndrome is well developed, symptoms also occur at other times 
They may be aggravated by the use of the arms and particularly by 
use which depresses the shoulder girdle, such as the carrymg of heavy 
objects or the maintenance for long periods of the position of the arms 
required in holdmg a book to be read On examination, it usually is 
found that the symptoms can be intensified by depressmg the patients 
shoulder 

Alleviation of pain and distress often is found by the patients ele 
vatmg the shoulders, as m leanmg forward on the elbows and by 
lateral flexion of the neck toward the affected side, a position tbit 
lends to relax the brachial plexus as well as the anterior scalenus 
muscle 

As a rule, the pam of protruded disk in the cervical region during 
periods of exacerbabon is much more mtense than that produced by 
cervical rib Often, m the former instance, opiates are required for 
relief Fur&ermore, when a disk has protruded the pain is likely to 
be more abrupt m onset, more narrow in distribution, and the alle 
viahng factors less effective, than in the syndrome of cervical nb and 
allied disturbances I believe that in many cases the effect of cranial 
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protruded intervertebral disk, the nervous tension, or whatever pn 
mary factors exist Perhaps, rarely, such as m exceptionally well inus 
cled persons, tlie anterior scalenus muscle may attain sufficient size to 
compress the brachial plexus and subclavian artery In any event, 
there is need for careful re-evaluation of this syndrome 

Subcoracotd Pcctorahs Mtnor Syndrome —It is now logical to intro- 
duce the subject of mechanisms other than tliose responsible for the 
cervical rib or scalenus syndrome, smce these mechanisms produce 
clinical pictures and vascular signs often erroneously diagnosed as 
scalenus syndrome ’ 

Wnght, observmg a patient who had gangrene of the finger bps 
resulting from sleepmg with his arms elevated over his head in a 
hyperabducted position, was stimulated to study of neurovascular dis 
turbances in the upper extremity He called attenbon to the fact that 
among many people paresthesia develops m the upper exbemibes 
while the victims are sleeping with their arms over the head or are 
working with the arms hyperabducted, as in pambng a ceihng. In a 
study of 150 normal subjects, Wright found ^at the radnl pulse of 
125 could be obhteiated on Ae n^l side, and that the radial pulse 
of 124 could be obliterated on the left, by hyperabduebon 

On the basis of studies with the cadaver, Wnght found that at the 
region of transition between the subclavian and axillary artery, this 
vessel, the accompanying subclavian axillary vein and the brachial 
plexus were compressed beneath the coracoid process of the scapula 
by the stretched pectoralis minor muscle when the arm was hyper 
abducted He designated this mechanism the “subcoracoid pectorals 
minor syndrome” (fig 327, a and h) 

Costoclavicular Syndrome —Falconer and Weddell hiNe called at 
tention to the fact that compression of the subclavian artery and vein 
and the brachial plexus may take place between a normal first nb and 
the clavicle The mechanism of tius syndrome is represented in figure 
328, a and b The interest of Falconer and Weddell was aroused by 
the first of four cases they reported in which they had made an 
erroneous diagnosis of scalenus syndrome Their pabent gave a his 
tory compatible with such a diagnosis, and it was found that hyper 
extension of the neck and posterior abduebon of the shoulders-hoth 
being maneuvers which have been advocated as of value in the dug 
nosis of the scalenus syndrome— obliterated the radial and ulnar pulses 
on the affected side However, it was found that the same maneu\ers 
produced the same effect after the anterior scalenus muscle had been 
sectioned This observahon at the time of surgical mtervenbon led t” 
further mveshgation Falconer and Weddell discovered a slight fusi 
form dilatation of the subclavian artery distal to the lateral edge o 
the anterior scalenus muscle, showing that the point of 
was lateral to the antenor scalenus muscle Next, they found tw 
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hvperMtension of the paUenfs neck, by elevating the hrst nb. nar 
rowed the space between the first rib and the cla\'ic]e Postenor . b 




Fig 327 —Schematic representabon, oa the basis of photographs by Wright, 
of the mechanism of the subcoracotd pectoralis mmor syndrome In a the patient’s 
right arm is represented as bemg at ihe side, dependent In b the arm is hyper- 
abducted, laterally abducted to an eles'ated position With the arm in this posi- 
tion it IS seen that the braclual plexus and the accompanying vessels are <x>m 
pressed by tension of the pectoiahs mmor muscle 

ducbon of the shoulder hkewise narrowed this space by moviog the 
clavicle toward the nb Bemg satisfied that the symptoms of tlieir pa- 
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lient resulted from compresston of the subclavian vessels and the 
brachial plexus in the costoclavicular space (fig S28, b), they re 
sected 2 5 cm of the first thoraac nb at the point of compression 
After resection of this nb, the patient's neck could be hyperextended 
and the shoulder pushed down and back without affecting the pulse 
of the extremity Furthermore, the patient was reheved of symptoms 
It seems certain that he would not have been relieved thus had the 
operabon stopped with secbon of the anterior scalenus muscle In two 
other similar cases, it was found that fatadic sbmulabon of the ante 
nor scalenus muscle to contraction had no effect on the pulse of the 
extremity although the pabent's bracing the shoulders backward and 



Fig 328 —Schematic representation of the mechanism of the costocbvicuW 
syndrome of Falconer and WeddeB In tlie inset, a the subclavian artery ana 
vein and tlie brachial plexus are seen m their normal position between the first 
rib and the clavicle In b downward and bacliward bracing of the shoulders has 
resulted in compression of these nerves and vessels 

downward caused obliterabon of the pulse It was also noticed that 
the latter maneuver produced engorgement of the superficial veins of 
the affected extremity and the chest It was pointed out that asym 
metry of the thoracic miet or defomuty of the clavicle might 
pose to costoclavicular compression, and that the pulse m the arms of 
many normal persons could be reduced hy braemg the shoulders 
backivard , 

First Thoracic Rib Syndrome —Falconer and Weddell reported a 
fourth case in which costoclavicular compression was not a factor m 
the production of symptoms In this ease pain, anesthesia and atrophy 
resulted from compression of the lower trunk of the bradual plentf 
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against the first nb by a taut, tendinous band which extended do\vii 
ward from the transverse process of the seventh cervical vertebra and 
was inserted in the inner border of the first nb between the subclavian 
artery and the first thoracic nerve root Division of the tendinous band 
was followed by clinical cure In this case, secbon of the anterior sca- 
lenus muscle would have resulted in failure 
In the older literature there is considerable discussion of compres- 
sion of the brachial plexus by a normal first nb Stopford and Telford 
reported on ten patients encountered withm a period of two years 
They pomted out that the clinical picture was that of the cervical nb 
syndrome and that emhryologic and developmental factors might pre 
dispose to the condibon The embryologic vanation of the post fixed 
plexus, m which there is a larger contnbution from the second thoracic 
root, may, they Ihou^t, combme with the developmental factor of 
gradual descent of the shoulders from a hi^ position in children to 
die lower posihon of the shoulders of adults, thus to draw the lower 
trunk of the brachial plexus tautly over tlie sharp edge of a normal 
first nb Anytbmg producing more than average descent of the shoul 
ders might accentuate the situation and precipitate symptoms Thus, 
fractures of the shoulder girdle, weakness of the muscles which ele- 
vate the shoulder girdle, whether this weakness is the result of spe 
cific lesions to nerves or general debility, and depression of the shoul- 
ders, such as results from the carrying of heavy weights or even the 
wearing of a heavy coat, may prcapilate symptoms in this syndrome, 
as well as those m the case of cervical nb 

Comment on Meclianical Factors, Excluding Traumatic^ Whicli 
Compress the Brachial Plexus.— What do we learn from these ob 
servations? We learn that the brachial plexus is kno\vn to be affected 
mechanically at times by cervical nbs, tendinous bands, the antenor 
scalenus muscles, the normal first nb, compression of the plexus be- 
tween the normal first nb and the clavicle, and compression be 
tween die coracoid process of the scapula and the stretched pectorahs 
minor muscle when the patient’s arm is hyperabducted The subclavian 
artery can be compressed in all these situations The subclavian vem, 
too, can be similarly affected in all cases except those of the scalenus 
syndrome, smee the subclavian vein lies antenor to the antenor 
scalenus muscle and is separated by it from die subclavnn artery and 
brachial plexus (fig 328) 

^Ve learn that the maneuvers advised for testing for cervical nb 
and die scalenus syndrome are unrebable For example, favonte tests 
include hperextension of the patient’s neck, turning the head toward 
or away from the affected side, and deep inspiration Both deep m 
spiration and hyperextension of the neck elevate the first nb and may 
cause compression of the brachial plexus behveen it and the clavicle 
or, if the patient s shoulder is mamtained in a depressed position, m* 
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spiration and hyperextension may draw the artery and brachial plexus 
more tautly over the first thoraac rib If, to this test, is added hyper 
abduction of the patient s arm, another source of error is added, since 
compression of the vessel may take place between the coracoid process 
and the pectorahs minor muscle Perhaps tunung of the pabent s head 
toward the affected side, so as to tighten the anterior scalenus muscle 
while the shoulder is supported in an elevated and anterior posibon 
without abduction of the arm, would be a more reliable test for the 
scalenus syndrome If the radial pulse is obhterated in this posibon, it 
would almost certainly be the result of compression by the anterior 
scalenus muscle Intensification of pun with this maneuver might 
occur in tlie presence of arthnbs and protruded intervertebral disk in 
the cervical region 

Since the pabent s bracing the shoulders backward and downward 
may obhterate the pulses in an extremity, and produce dilatabon of 
the superfiaal vems over the arm and chest of the normal person, this 
maneuver is not a reliable test for the costoclavicular syndrome 

If the presenbng symptoms pertain to thrombosis of the subclavian 
vem, I see no reason to suspect that the thrombosis results from com 
pression of the vem by the anterior scalenus muscle In that of 
case, if the thrombosis is the result of compression, the point of com 
pression should be found, rather, at the first rib 

I would summarize the siluabon m this way The diagnosis can be 
obvious only m the presence of a well developed cervical rib which is 
palpable m the supraclavicular fossa or is demonstrable by roentgen 
rays, and is associated with symptoms or neurologic signs compabble 
With compression of the brachial plexus or with vascular obstruebon 
Consequently, in those cases in which sjTOptoms are severe enough to 
warrant surgical intervention after the failure of conservabve mens 
ures, great dependence must be placed on the surgeon, who would do 
well to consider all other possible factors at bme of operabon and to 
cany out those procedures necessary to alleviabon Thus, seebon of 
the anterior scalenus muscle without removal of the cervical rib may 
be all that is necessary, as has been demonstrated by Adson and 
Coffey In other cases it may be necessary to cut tendmous 
(fig 329, a, b and c) or to remove portions of a cenical nb in adm 
hon to cutting the anterior scalenus muscle In staff others it may oe 
demonstrated at operation that there is no need to cut the antenor 
scalenus muscle, and that, raUier, reseebon of a porbon of the first 
thoracic rib is mdicated 

Nocturnal DyBeBtliceia —Before I leave the subject of compression 
of file brachial plexus, it is well to consider bnefly the problem o 
nocturnal dysesthesia of the aim Often, types of this syndi^o are 
catalogued under the label of “idiopathic acroparesthesias " ^ 

bemgn afflichons which appear as a rule among women after the ag 
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of forty years. They are characterized by pain, paresAcsia and, often, 
by a sense of stiffness in tire hands and upper extremities after several 
hours in the recumbent position. The sensory phenomena disappear 
promptly after the arms are moved about. The course usually is in- 
termittent and prolonged. Objective signs of neurologic and vascular 
diseases fail to develop even after many years. Wartenberg described 
a particular type of nocturnal dysestliesia characterized by sensory 
symptoms limited to the distribution of the ulnar nerve and he desig- 
nated it as “brachialgia statica paresthetica.” 

Traumatic Lesions.— In addition to mechanical factors which com- 
press tire brachial plexus, other lesions of the plexus xvill result in pain 
in the upper extremities. Of these, traumatic lesions are most numer- 
ous. The most frequently occurring injuries to the brachial plexus re- 



Fig. 329.-0, Schematic repfcsenlalion of pressure exerted on the subclavian 
artery and the brachial plexus by the anterior scalenus muscle and by a ten- 
dmous band extendmg from the tip of a cervical nb to the lint tlioracio nb; b, 
relief of pressure on tlie subclavian artery by section of the anterior scalenus 
muscle; c, relief of pressure on the brachial plexus by removal of a tendinous 
band and the tip of the cervical rib. 

suit from penetrating and lacerating wounds, and from accidents 
which suddenly depress the victims shoulder, sucli as a fall forward 
on the shoulder from a rapidly moving vehicle, or a sudden tug to the 
upper extremity, such as when it is caught in a rapidly moving belt or 
when the victim’s hand grasps a support while he is falling fiom a 
height. The diagnosis is not difficult in these cases, since the history 
and neurologic observations of weakness, atrophy, decreased muscle 
reflexes, and anesthesia not limited to tiie supply of any one nerve, 
are sufficient to point to the brachial plexus or its roots as the site of 
dysfunction. 

Tmnors.-Tumors of the brachial plexus, and particularly metastatic 
or invasive tumors, are of importance. It is not infrequent for car- 
cinoma of the breast, after apparently successful surgical treatment 
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to manifest itself by pam caused by metastasis to the brachial plexus 
In this instance tJie history, the relentless course, and the finding of 
induration in the supraclavicular area are diagnostic In every case of 
severe pam of rehtively short duration in the upper extremity for 
which explanation is not obvious tumor of the pulmonary sulcus 
(Pancoasts tumor) should be considered Particularly is diis true if 
Homers syndrome is an assoaated observation In more advanced 
stages definite induration may be palpated deep in the supraclavicular 
fossa but usually it is necessary to depend on roentgenDgraphic evi 
dence of the tumor for the reaching of an absolute diagnosis 
Benign tumors such as neurofibromas may be found to account for 
pain in the upper extremity The diagnosis depends on palpation of 
the tumor at an intervertebral foramen or in ^e brachial plexus or 
the nerves emerging therefrom The findmg of multiple neurofibro 
matosis ( Recklinghausen s disease) elsewhere may make the diagnosis 
certain Othenvise the nature of the lesion will be determined by the 
results of surgical exploration and biopsy 
Inflammatory Lesions —Inflammatory lesions of the brachial plexus 
are much less common than was once Sieved In the past the term 
Iwachial plexus neuritis" has been applied much too freely I feel cer 
tarn that m many cases a condition so designated in reality was pro- 
truded intervertebral disk m the cemcal region In many cases too 
severe bursitis tenosynovitis and the like particularly if Ae pain was 
referred segmentally must have been mistaken for brachial plexus 
neuritis Of course m rare instances true inflammalor)’ lesions occur 
which are localized to the brachial plexus Suppurative processes m 
the supraclavicular area may involve the brachial plexus but as a 
rule inflammatory lesions of this plexus are parts of widely dissemi 
nated neuritis such as occurs in the vanous kinds of polyneuntis 
Sernm Paralysis —According to Wollman serum paral)sis most 
often results from i reaction in the bnchial plexus but the lesions 
may occur in other parts of the peripheral and central nervous sys 
tem The symptoms occur on an average, two days after the onset of 
serum sickness The interval bchveen the injection of die foreign serum 
and the development of serum sickness averages seven days Since the 
upper part of the brachial plraus is most often involved the pam ^ 
tends through the shoulder girdle and lateral part of the arm ^ 
area supplied by the fifth and sixth cervical nerves Sensory loss wniwi 
occurs m approximately a fourth of <ases is most often found in th^ 
same dermatomes The deltoid biceps brachn braclnoradiahs and 
other muscles supplied by the uppCT porbon of the brachial 
become weak and fail to respond reflexly to stretching Later tbe> 
atrophy Invohement of other parts of the plexus or other parts 
the central nervous system results m the production of symptoms an 
signs appropriate to the site affected There is no correlabon between 
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the site at which the serum is injected and the site at which tlie 
nervous system reacts For example, lesions of the bracliial plexus 
have occurred as reactions to serum injected into the abdominal wall 

LESIONS OF THE PEIUPHERAL NERVES 
Of the many lesions of the peripheral nerves of the upper extremity, 
diose of the median and ulnar nerves are most likely to result in sig 
mficant pain The ulnar nerve, as it passes throu^ the groov e between 
the olecranon process and the medial epicondyle at the elbow, is par 
ticularly vulnerable to pressure or other types of injury If the groove 
IS shallow as the result of an old fracture at the elbow, tlie nerve 
becomes placed more superficially and is more easily injured Painful 
types of paresthesia often result from prolonged pressure on the ulnar 
nerve, such as that which occurs when the elbow is rested on the un 
padded arm of a chair, the window rest of an automobile or the hard 
surface of a desk or table Tlie sensory phenomena occur in the httle 
finger and, usually, in the ulnar half of the ring finger, the ulnar por 
tion of the hand to the wrist and, less frequently, in the ulnar side of 
the forearm Atrophy of the dorsal mtcrosseal muscles and those of the 
antithenar eminence occurs when the condition is advanced and may 
be associated xvilh weakness of the muscles supplied by the ulnar 
nerve with anesthesia m diat part of the skm supplied by the ulnar 
nerve, and with a claw position of the fourth and fifth digits 
The median nerve has a more protected course than has the ulnar 
nerve Injury of the median nerve results from fractures lacerations 
and penetrating wounds Physicians should remember that unslall 
fully performed venipuncture in the antecubitil fossa may lead to m 
jury of this nerve Causalgia is a comphcation of injury to the median 
nerve that is to be feared Atrophy of the thenar eminence, clawing 
of the second and third digits and the assumption by the thumb of a 
position m a plane with the fingers characterize the later stages of the 
more sev«e leswns of the median nerve In addihoti to weakness 
localized to the muscles supplied by the median nerve, anesthesia may 
occur m the radial aspect of the palm the palmar surface and the 
peripheral dorsal aspect of the first four digits 
Pam IS not often prominent in lesions of the radial, musculocu 
taneous axillary long thoracic, dorsal scapular and suprascapular 
nerves When it is present it is most often secondary to the mechanical 
factors resulting from paralysis of the muscles supplied by these nerves 
The glomus tumor, composed of nerve tissue and blood vessels, may 
give rise to agonizing pain which extends throughout the upper ex 
tremity The pam cm be reproduced by pressure over the tumor, and 
often by exposure to cold The tumor often can be seen beneath the 
nail as a purple spot Surgical exploration verifies the diagnosis and 
removal of the tumor meets with most gratifying results 



832 


L M EAlON 


COUAIETn* 

The problem of pam m the upper extremity is not a static one 
Solid contributions to understanding and therapy are accumulating 
There is need, however, for more study so that toowledge may sup 
plant notions In the present state of limited knowledge many instances 
of pam m the arms cannot be solved 

It IS imperative that every case be considered in an unbiased man 
ner We must not rely too much on favorite tests For example, de 
pression of the shoulder aggravates the pain of the scalenus syndrome, 
but it may also aggravate the pam of protruded intervertebral disk 
m the cervical region or the costoclavicular syndrome, certain mobons 
of the neck may intensify or alleviate the pain of protruded disk, but 
this does not always serve to distinguish protruded disk in the cervical 
region from cervical arthritis or even tumor of the spinal cord The age, 
sex, occupation, temperament of the patient, and history and results 
of chmcal and laboratory tests all must he considered and given ap- 
propriate weight m formulation of the final opinion 

The current tendency of physicians to think of protruded inter 
vertebral disk in the cervical region when pain occurs m the upper 
extremities is commendable, but the diagnosis must be established 
beyond doubt if the wholesale enors of era of the scalenus sjm 
drome are to be avoided Furthermore, the physician should keep m 
ttund the fact that surgical exploration for protruded wterveitehraf 
disk in the cervical region, which often presses against the spinal cord 
is fraught with greater hazards than sundar exploration for protruded 
disk in the lumbar region, smee the latter disk is situated relatively far 
from the spinal cord itself Hence, the increased risk of surgical et 
ploiation in the cervical region should impel physicians to pursue the 
conservative treatment of protruded disks m the cervical region more 
tenaciously, and serve to keep alive the memory that, as in many cases 
of protruded disks in the lumbar region, recovery may take place n ith 
out surgical intervention 
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ORTHOPEDIC ASPECTS OF PA1> IN THE SHOULDER 
AND ARM 

H Herman Younc 

Within the relatn ely shoit span of this paper, it wiU be impossible 
to consider completely all of the orthopedic condihons that may cause 
pain m the shoulder and arm Codman, xn his book of more than 500 
pages, considered only a few of the more common lesions of the shoul 
der and omitted a detailed consideration of such lesions as osteo- 
myelitis, tuberculosis, tumors and fractures The knowledge that such 
lesions do exist, however, is essentia! in making a diagnosis but, for 
the Sake of brevity, only the more common lesions will be considered 
m this paper 

There are two types of pain m the shoulder and arm that are caused 
by orthopedic conditions (1) referred pain which is produced by 
irritation of the sensory roots of the spinal nerves m the cervncal 
segment of the spmal column and (2) pam caused by pathologic 
changes in the shoulder joint or its adjacent structures Each of these 
types of pain may be caused by trauma or disease The orthopedic 
conditions that may cause pain m the shoulder and arm are listed in 
table 1 

INJURE OR DISEASE OF THE CERVICAL SEGMENT OF TIIE \’ERTE- 
BRAL COLUSIN 

In cases m which pain m the shoulder or arm is due to disease or 
injury of the cervical segment of the vertebral column, the pam is re- 
ferred through nerves which arise from the irritated roots The inter 
vertebral foramens are essentially closed tubes formed by notches m 
adjacent vertebrae Posterior to the notches are the articular facets 
with their capsules, and anterior to the notches are the vertebral bodies 
and the intervertebral disks The sensory root ganghon is situated 
within the confines of the tube thus formed, and under ordinary or 
cumstances there is ample room for the sensory root with its gan^on 
and for the motor root Under abnormal conditions, the intervertebral 
foramens become narrow and their walls press on the nerve roots ano 
cause local irritation which projects pain to the shoulder and arm 
Narrowmg of the intervertebral foramens first constncts the sensory 
root of the spinal nerv e and causes pam Further narrowing wn 
slricts the motor root and causes paralysis Trauma and disease wnicn 
cause narroiving of the mtervertebral foramens and consequent con 
stricbon of the last five cervical nerves and the first thoracic nerve may 
cause pam in the shoulder and arm In cases m which the pam occu” 
834 
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after an injury of the neck, a fracture or dislocation of the cervical 
vertebrae should be suspected In the absence o! a history of trauma, 
one should suspect the presence of a tumor, destnicUve arthritis or 
osteo-arthnbs 


TABLE 1 —ORTHOPEDIC LESIONS THAT AIAY CAUSE PAIN 
IN THE SHOULDER AND ARM 

I Lesions of tlie cemcal segment of the vertebral column 

A Traumabc lesions 

1 Fractures 

2 Dislocabons 

3 Sprains 

4 Arthritis 

B Nontraumabc lesions 

1 Arthntis 

a Osteo*arthnbs 
b Rheumatoid arthnbs 
c Sepbc arthnbs 

2 Infecbon of the intervertebral disVs 

3 Osteomyetibs 

4 Tuberculosis 

5 Syphilis 

6 Tumors 

II Lesions of the shoulder and shoulder girdle 

A Traumabc lesions 

1 Fractures 

2 Dislocations 

3 Sprains 

4 Rupture of tendons 

5 Buisibs 

6 Hemarthrosis 

B Nonbaumabc lesions 

1 Acute lymphadembs. 

2 Arthnbs 

a Osteo-arthnbs 
b Rheumatoid arthnbs 
c Sepbc arthnbs 
8 Osteomyelitis 

4 Tuberculosis 

5 Neurogenic arthropathy (Charcots disease) 

6 TenosjTiovihs 

7 Bursibs 

8 Penarthnbs 

9 Fibrosibs and m>ositls 

10 Tumors 

11 M)osibs ossificans 


IMURY OR DISEASE OF THE SHODEDER GIRDLE 
Lesions of the shoulder jomt and its adjacent structures are a far 
more frequent cause of pain in the shoulder and arm than are lesions 
ot the cervical segment of the vertebral column 
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Subacromial (Subdeltoid) BuraiUs —Eight bursae around the 
shoulder )oint are described m Gray’s Anatomy The largest and most 
important of these is the subacrtmual, or subdeltoid, bursa which is 
situated between the head of the humerus and the acromion process 
of the scapula It is a synovial sac approximately iy_ inches (3 8 cm.) 
in diameter Its floor is attached to the )omt cxpsifle and its roof h 
attached to the acromion process Ordinarily, the wnlls of this sac are 
sepanted by just sufBcient fluid to allmv one surface to glide smoothly 
over the other m order to prevent friction between the ^eater 
tuberosity and the acromion process Under abnormal cncumstaiices 
this bursa may become inflamed and distended with fluid its svalis 
may become adherent or it may contain calcium deposits within its 
lumen If these conditions exist, the bursa causes acute or chronic 
pam In the shoulder and arm In eighty nine (53 per cent) of 163 
cases of pam in the shoulder that were reviewed by WiUon the pain 
was due to a lesion of the subacromial bursa Haggart and Alien made 
a study of SOO consecutive cases of painful shoulder m which the pa 
bents were adults In 79 5 per cent of these cases there were lesions 
m or related to the subacromial bursa and tendons of the short rotator 
muscles Lesions of the bursa, therefore, are the most frequent local 
cause of pain in the shoulder 

To Codman (1904) belongs the credit for emphasizing the im 
portance of the shoulder bursae although be acknowledged in his hook 
that Kuster had described subacromial bursitis two years previously 

Chronic subacromial bursitis witJi caloEcation is probably the most 
frequent local cause of pain m the shoulder This pathologic condihofi 
IS no respecter of vocation, and it affects men as well as women la 
the twenty five cases of calcification of the subacromial bursa reported 
by Wilson the patients were between thirty-one and swty five years 
of age and the greatest incidence occurred between the ages of forty 
six and fifty yeaix This svas m contrast with Wilson's senes of thirty 
sit cases of penatbcular adhesions in which the peak of incidence 
was between the ages of fifty six and sixty years Tlie exact pathologic 
nature of calcification of the subacromial bursa is not known Most 
obsei’vers agree with Codman. who said that the original calaum 
deposit occurs m the short rotator tendons of the musculotendinous 
cuff and that the most frequent site of such deposit is the tendon of 
the supraspmatus muscle Acute or duonic trauma or overuse leads 
to a rupture of a few fibers of the tendon and to the formation of a 
hemntoma, which later becomes the site of deposits of calcium phos 
phate or calaum carbonate This calcification, however, does not a» 
ways cause symptoms as many authors have reported the occurrence 
of symptomless calcified bursae or tendons Just what makes mese 
deposit suddenly become painful is Mtewise unknown Usually ui«r^ 
IS a history of slight trauma immediately preceding the sudden onse 
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of symptoms The calaum deposits could not have occurred m the 
mtervenmg few days, therefore, they must have been present prior 
to the trauma The injury, however, produces mitation and inflamma- 
tion of the bursa, which is well supplied with blood vessels and nerves, 
and symptoms become manifest The patient complains of pain at the 
hp of the shoulder, in the region of the attachment of the deltoid 
muscle to the humerus or even m the forearm and hand That such 
extension of pam can be caused by lesions of the bursa was demon- 
strated by Moseley When 5 per cent saline solution was injected into 
the supraspmatus tendon, pain was referred to the insertion of the 
deltoid muscle and even to the forearm and hand Likewse, pressure 
on a calcified deposit that is being operated on under local anesthesia 
aviU produce similar pain The patient with calcified bursitis feels the 
pam mainly on attempts to abduct or rotate the humerus These mo- 
tions, which are usually hmited both actively and passively, irritate 
the walls of the bursa and produce pam Pressure over the tip of the 
shoulder elicits tenderness Finally, the diagnosis is made by the roent- 
genologic examination and the finding of a calcium deposit in the 
region of the supraspmatus tendon or subacromial bursa 

Occasionally an acutely inflamed subacromial bursa will be ob- 
served The patient with such a lesion complams of agonizing shoulder 
pam which prevents motion of the shoulder and interferes avith his 
sleep The pam usually is sudden m onset and may be referred to the 
insertion of the deltoid muscle or to the forearm The patient holds 
his arm at his side and walks the floor because of discomfort Mor- 
phme alone may produce rehef Exammahon ^vlll disclose that, al- 
though anterior and posterior motions in the shoulder jomt are free 
and painless, abduction and rotation of the humerus are extremely 
pamful and these motions are greatly restricted There is marked ten 
demess over the tip of the shoulder, and some swelling may be ob- 
served The roentgenologic findings may be entirely negative or may 
reveal the presence of a calcium deposit m the region of the sub- 
acromi-d bursa 

That the treatment for this condition is not specific is attested by 
the numerous types of treatment that have been advocated A com- 
plete consideration of all methods used does not fall within the scope 
of this paper, which is mamly concerned ivith diagnosis For the acute 
lesions, mjection of procaine hydrochlonde, application of heat and 
surgical drainage have been used with beneficial results In the case 
of more chrome lesions, diathermy, physical therapy, injection of pro 
came hydrochlonde, roentgen therapy, and surgical excision all have 
their advocates For a more detailed consideration on the treatment, 
the reader is referred to the several excellent articles included in the 
references ^ 

Pcnarthr!U>.-In close competition for the local lesion that most 
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Masquerading uiiuct 

articular adhesions," “adhesive bursius s 

condition seems to be little understood by the medical projessjui, at 
large It has been my frequent impression that the disability has often 
been prolonged, yes, even produced, through ill-advised manage- 
ment Usually, when the patient consults a speciahst the condition is 
fully developed The patient complains of pain in the shoulder and 
of stiffness and loss of motion The pam may vary from a “catch" to 
a dull ache which is ag^avated into sharp pam by motion Night pain 
frequently is present and the patient has noticed an inability to get 
his hand behind his back or up over his head, or even to his face 
^Vhat produces the lesion is unknoivn Presumably, there are adhesions 
between the walls of the bursae of the shoulder }Oint, along the ten 
dons of the shoulder or in tlie capsule and musculotendmous cuff In 
jury, overuse or even mild Infection may precede the onset of the 
condition, which is encouraged by the assumption of the sbng position 
and by disuse of die joint Eventually, the shoulder becomes “frozen " 
There is no swelling or point tenderness, but abduebon and rotation 
of the humerus are markedly limited With the scapula fixed, abduc- 
tion of 35 to 45 degrees frequently is all the motion that is present, 
and forced motion beyond Uus point ts painful Anterior and postenor 
motion of the arm is not restricted Roentgenologic examination usually 
does not disclose any abnormality but, as lime passes, osteoporosis de 
velops as a result of disuse 

The treatment of the frozen shoulder is all important Too often 
the advice is given to rest the arm and carry it m a sling This is 
contrary to my observation that the pam persists as long as moton 
IS restricted and that it disappears only as motion is regained In 
some cases, the use of baking, massage and gradual stretching eser 
cises exentually may produce a relief of the symptoms and a restiira 
tion of motion of the shoulder Other patients wiU require manipula 
tion of the shoulder under anesthesia followed by the same physical 
therapeutic measures over a prolonged penod of time 'When manipu 
lation is performed, snapping sounds and sensations are present and 
presumably are due to the breaking of adhesions which ordinary 
physical therapeutic measures were unable to break or stretch Cw 
tion must be used m the mhnipulalion, however, lest the shoulder be 
dislocated or the humerus fractured 

Rupture of the Supraspinatus Tendon.— To Codman also belongs 
the credit for calling attention to rupture of the supraspinatus tendon 
as a cause of pain m the shoulder For the diagnosis of this condition, 
be enumerated eighteen points . 

The following hypothetical case may serve to illustrate the ois 
torical and clinical :^dmgs The patient is a laborer, aged forty years 
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or more, who has sustained an injury to a previously asymptomatic 
shoulder and suffers immediate pam of short duration The following 
day, die shoulder becomes painful again and die pain is accompanied 
by an inability to abduct the arm actively Examination discloses faulty 
scapulohumeral rhythm, tenderness over the tip of the shoulder, a 
sulcus at the point of the tear and soft crepitus over die greater 
tuberosity Pam is produced as the tuberosity disappears under the 
acromion and reappears as it emerges Roentgenographic examination 
does not disclose any abnormality 

The most important factor in making the diagnosis of a tom supra 
spmatus muscle lies, however, in the recognition of the loss of func 
tion of this muscle It is impossible for the deltoid muscle alone to 
abduct the arm since its resolved line of pull lies inside the fulcrum, 
thus making it an adductor The line of pull of the supraspmatus 
muscle lies outside the fulcrum, and its contraction mitiates abduction, 
bringing the arm to the position in which the deltoid becomes an 
abductor and can complete the movement Again, as die abducted 
arm descends to the side, the function of the supraspmatus muscle 
provides for a smooth motion If the arm 6rst descends smoothly and 
then suddenly falls to the side, the inlactness of the supraspmatus 
muscle should be questioned 

Space does not permit a consideration of the treatment of this con 
dition Some surgeons believe in operative interference and suturing 
of the tendon while others feel that conservative treatment, including 
immobilization of the irm in abduction, will produce a satisfactory 
result 

Muscle Sprains and Fihrosilis.— No consideration of pain m the 
shoulder would be complete without mentioning local muscular dis 
turbances that can produce pam Undue or unaccustomed use of the 
shoulder may produce a sprain which causes pam and stiffness The 
sprain may be in any of the muscles of the shoulder girdle and lead 
to a temporary disalbility of the shoulder and arm that responds well 
to conservative treatment 

Travail, Rinzler and Herman described a painful condition of the 
muscles of the shoulder girdle which Uiey chose to call “idiopathic 
myalgia” and which I wonder if other physicians have not called 
' fibrositis ’ In this condition localized areas of tenderness are found 
within the muscles These areas refer pam into the shoulder and arm 
ilong pathways experimentally studied by Lewis and Kellgren ® ® 

When these areas are present in any muscle innervated by the fifth 
cervical to the first thoracic nerves, they may refer pam to the shoul 
der or arm, and it is interesting that the condition is relieved by in- 
jections of procaine hydrochloride ^ 
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SU’WlfARY and conclusion 

It IS obvious tbit in the shoTt span of a single papei not all oitho 
pedic lesions that can produce pain m the shoulder and arm can be 
N^nsidered Accurate diagnosis depends on a complete history, on 
■'areful physical examination and on indicated laboratory tests and 
roentgenograpbic examination 
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CKANIOPLASTY WITH TANTALUM PLATE IN THE 
POSTWAR PERIOD 

George S Bacer 

The effectiveness of tantalum plate in the rehabilitation of tliou 
sands of persons vho had suffered from battle casualties with large 
cranial defects was clearly demonstrated m the recent world war 
Dunng the postwar jears the adaptability of this metal to the needs 
of the surgeon in many reconstructu e procedures has already been 
realized The fact that tantalum plate is malleable and can be molded 
into the proper shape at the operating table makes it unquestionabl> 
very useful for many neurosurgical procedures at the bme of the 
original operahon In such conditions as osteomas of the skull, de 
pressed skull fractures, bram tumors mvohing bone, primary granu 
lomas of the skull dermoids, occipital meningoceles, frontal burr holes 
and man) other conditions in which defects of the skull may result 
from the primary surgical procedures, cranioplasty with tantalum can 
be easily accomplished at the same operation When the repair of a 
cranial defect is necessarily secondary, it is perhaps best to mold the 
plate prior to operation by one of the methods to be described later 
in this paper In inflammatory reactions such as osteom)elitis of the 
skull bram abscess, compound comminuted skadl fractures de\itabzed 
bone flaps and so forth the cramoplasty should be done as a sec 
ondary procedure when the spread of infection has been definitely con 
trolled 

In spite of the fact that tantalum is a relatively inert metal and 
primary healing of the contaminated wound is accomplished, the pa 
tient should receu e large doses of penicUlm pnor to cranioplasty and 
administration of the drug should be contmued for se\eral days of 
the postoperative period to obtain the best results ^Vhethe^ the de 
feet IS covered at the time of the original operation or at a later date 
will depend on the type of case at hand and the judgment of the sur 
geon Chemotherapy may alter one’s opinion with regard to this 

BIETnODS OF aIAKI^C THE PLATE 
A tantalum plate can be easily made at the operating tabled when 
the defect is not complicated The defects difficult to repair are those 
that occur in the frontal bone >vith mvolvement of the frontal smuses 
In these cases the cosmetic result is of paramount importance Few 
841 



Pjg 330— Die and counter d»e ineihod of forming the plate 
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special instruments are necessary for making the plate at the table 
and these can be sterilized with others that are necessary to complete 
the operation- Tl\e size of the defect is measured by a piece of sterile 
lead foil or cottonoid. The tantalum plate is then cut with scissors 
from the pattern. It is easily shaped by hammering over a concave 
metal mold until it assumes the contour of the removed bone. 





Fig. 332.-0, Mafang the mold duecl Iiom paUent. h', Hammenng the plate 
into shape on the mold, b and c, Secunng the mold in the steel cylinder prepara- 
tory to swaging the plate in a power press, d. Swaging the plate, e. The formed 
plate. 

When the operation is a secondary one, it is perhaps best to mold 
the plate prior to operation by the die and counter die method^ as 
demonstrated in figure 330 or by the direct method^ as shown in 
figures 331 and 332. The scalp is deanly shaved and in each case an 
identical mold of the defect is obtained, allowing M to 34 inch (0.6 to 
1.3 cm.) extension beyond the edge of the bone. The plate is cut to 
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anesthesia or a combination of the two Attempts should be made 
to resect scars of the scalp when secondar>’ procedures are being 
done The primary repairs are completed through the ongmal expo- 
sure, but m secondary operations it may be necessary to make a new 
mcision for adequate blood suppi} to the flap and for better exposure 
of the defect Once the area has been satisfactonly exposed two 
methods of insertion of the plate are m use to complete tlie cramo- 
plasty, namely, the onlay method as demonstrated in figure 333, and 
the inlay method described by Hembctger, Whitcomb and WoodhalP 
as shoivn in figure 334 The secondary repairs often require injecbon 
of soluhon of pemcilhn (10,000 units per cubic centimeter) under the 
plate or scalp flap as prophylaxis against reinfection Fibrin foam that 
has been saturated ivith penicillm and thrombin has been used to good 
advantage by the author m such cases when control of hemostasis was 
diEBcult in old scar tissue and a concentration of penicillin was desir- 
able for bactenostasis to safeguard against mfection 
Compression dressings of sponge latex or mechanic’s waste are ad- 
visable to prevent accumulation of fluid beneath the flap When fluid 
appears it should be removed by aspiration and a compression dress- 
ing should be reapphed The tissues of the scalp soon become adherent 
to the tantalum plate and it is a \er> rare occasion when the plate 
has to be removed because of foreign bod> reaction 

CONCLUSIONS 

'The cosmetic appearance of patients who have submitted to cranio 
plasty has been unusually gratifying The ph>siologic effect of cover- 
ing the defect of the skull m posltraumatic cases has invariably im- 
proved the symptoms of vertigo and headache The psychologic 
advantage to the patient has been a notable accomplishment 
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PROSTHESIS 01' THE BODY IN GENERAL 
The use of prosthetic devices to replace the missing parts of the 
leg and the arm today is an accepted standard orthopedic procedure 
for restoration of partial function Prosthesis of the eye is another 
common and well established method of somabc reconstruction which 
is used purely for cosmetic effects The most outstanding example of 
prosthesis which combines function and aesthetics with a high degree 
of success is dental restoration of all types, such as full and partial 
dentures, crowns and bridges However, the use of prosthesis for re 
placement of the soft parts about the face, such as the nose, the ears 
parts of the cheek and so forth, never has been wdespread conse 
quently, its theory and technic ha\e not been well developed Sur 
geons and the public have not been made fully aware of the possi 
bihties of reconstruction of facial deformities by prosthesis The 
psychologic effect of any type of facial disfigurement is of course 
obvious, and the need for a method of reconstruction other than the 
grafting of tissue, m cases in which plastic surgery is unable to cope 
with the situation, needs no emphasis 

mDICATIONS FOR PROSTHESIS AND FOR PLASTIC SURGERY 
Generally speaking, prosthesis of the soft parts of the face is ad 
mittedly a procedure of second choice, chiefly because (1) no sub 
stitute that man can possibly devise cm be as good as surgical recon 
struetjon from autogenetic tissues, (2) successful wearing of a facial 
prosthesis requires constant personal attention and often is a source 
of annoyance and inconvenience, and (3) such a prosthesis requires 
frequent replacement if it is desired that realistic appearance be mam 
tamed 

These are valid reasons why facial prosthesis should be considered 
to be merely a temporary ©qiedient, at most, i£ there is any fwiwbihl?' 
of obtaining satisfactory results by grafting However, plastic sur 
geons frequently are confronted with certain types of facial disfigu^ 
ment for which surgery is not considered advisable This is usually the 
case when the patient is too old or is in poor health, or when the tis 
sues at the site of the deformity are unhealthy, or when the deformity 
involves extensn e loss of tissue or consists of loss of the auncle, m 
which latter case the length of time involved m surgical reconstnictiw 
and the results that might be expected therefrom do not warrant s 
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use Under such circumstances prosthesis, m spite of its disadv antages, 
becomes a method of first choice, and should be emplojed as such 

STATUS OF FACIAL mOSTHESIS TODA\ 

It might be asked at this point why it is that metliods and technics 
of facial prosthesis, as compared with other types of prosthesis whidi 
have been referred to preiiously, appear to have been neglected, in 
spile of the fact that the need for facial prosthesis is no less urgent 
As a partial answer to this inquiry, three important reasons can be 
offered (1) limited application, (2) a\ailabiht> of a, generall), more 
desirable alternate method (plasbc surgery), and (3) technical diffi 
cullies 

Limited Application.— Instances of facial deformities, traumatic 
pathologic or congenital, for which prosthesis is indicated are not so 
numerous compared wath other somatic deformities wluch require 
prosthesis Certainly, they are not so numerous as cases in which 
dental prosthesis is required Hence, it is only natural that interest 
in the technic of facial prosthesis should have been correspondmgl) 
limited 

Availahilily of a Generally More Desirable Alternate Method 
(Plastic Surgerj ).— Let it be assumed, for the moment, that skin 
graftmg had been found to be as impracticable or impossible as the 
grafting of a leg or an eye or teeth It would be logical to assume, 
under such circumstances, that more attention w ould hav e been given 
to the technic of facial prosthesis Generally, in any form of human 
endeavor in which more than one method for the solution of an urgent 
problem is available, that method which seems to offer success m most 
cases will receive the greater attention Conversely, when only one 
method of approach to a problem is at hand, that method wall receive 
undivided attention In the particular case under consideration it is 
reasonable to assume that the availability of a better method of recon- 
struction, in the form of grafting, has had a retarding effect on fuller 
investigation of the alternate method m question 

Technical Difficulties.— Aside from the two aforementioned theo 
retie conjectures, however, there are real difficulties in the matter of 
improvement m technic These difficulties are peculiar to facial pros 
thesis They can be set forth best by comparison of the technical prob 
lems involved in other types of prosthesis with those of facial 
prosthesis 

Prosthesis of the Leg -Prosthesis of the leg may be considered first 
In this case the devace is pnmanl> a functional aid As a rule, no part 
of the prosthesis is seen while it is in use Consequently the problem 
of appearance, which in facial prosthesis involves such complex factors 
as form, color, translucence tevtiire and concealment of the line of 
juncture between the prosthesis and the body, virtuallj does not eyist 
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Next, in most cases, the presence of a stump serves adequately as a 
means of attaching tlie prosthetic device to the body If, m any type 
of prosthesis, the problem of appearance and retention just refened to 
does not exist or, if it is present, is readily surmountable, then sabs 
factory solution of the third remainmg problem, durability, becomes 
automatically simplified 

Frosthests of the Eye— In prosthesis of the eye the task is some 
what different, although ccrtam very favorable anatomic condibons 
pecuhar to the site of that organ, are similarly of great value m the 
solution of the problem of prosthesis of this organ An almost ideal 
condition exists for retention of the prostlietic globe by the presence 
of (1) a deep cavity, and (2) the two envelopmg muscular mem 
branes The latter not only aid retenbon of the prosthesis, but also 
serve admirably to hide the Ime of juncture between the prosthesis 
and the body This juncture otherwise would be very nobceable and 
difficult to conceal The problem of aesthetics in a prosthebc eye is of 
paramount importance Fortunately, the attainment of aesthebcs under 
these favorable circumstances is comparabvely easy Additional factors 
which further contribute to the success of prosthesis of the eye should 
be menboned First, since the globe is relatively ngid, it can be repro- 
duced best prosthetically in a rigid material, and ngid materials, such 
as glass or even the newer plasbcs, are, as n rule, much more durable 
and consequently hold their shape and color far better, than do soft 
and pliable subsUtutes Second the permanency of the dehcate and 
lifelike coloring of a prosthebc eye is further safeguarded by a pro 
tecti\ e coat of body fluid which protects it from the fading effect of 
dust smoke and svmhght and, in addibon, gives it a shmy and lifelike 
appearance 

Dental Prosthesis —A considerabon of dental prosthesis also wll re- 
veal anatomic factors very favorable to success of the procedure 
When full dentures are employed the alveolar ridges and the buccal 
muscles, in combination with atmospheric pressure, m most cases pro 
vide the physical means for retenbon of the prosthesis Where partial 
dentures are used the remainmg teeth provide firm and con\enient 
points of anchorage The bps, m addition to aidmg m retenbon, con 
sbtute an excellent curtain for hiding the line of juncture The hard 
character of the teeth makes it only logical that the subsbtutes have a 
similar quality That part of the prosthesis which represents the 
gingivae also can be made rigid which meins that, as is true m the 
case of prosthesis of the eye, comparahve permanence of form and 
color IS assured Fmallj, the presence of saliva, m addition to its 
protective acbon over the teeth and gingivae, helps to make the art 
ficial substitute more natural in appearance than would be possible 
otherwise 
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PRODLE^IS PECUUAR TO FAaAL PROSTHESIS 
It IS now possible to return to the main problem, which is that of 
supplying a pabent with a prosthesis which m\ol\es the face An 
example would be a prosthebc nose Several anatomic difficulbes are 
interposed at the site of a proposed prosthebc nose First, Uiere is 
nothmg that is comparable to the verj favorable anatomic conditions 
which ha\ e been shown to exist at the site of a prosthetic e> e or that 
of dentures Therefore, the task of keeping the prosthebc nose in place 
securely, and of hiding or camouflagmg tlie unavoidable hne of junc- 
ture between the prosthesis and the skin, immediately confronts and 
greatly handicaps the prosthetist ** 

Second, the tissue which the prosthesis is intended to simulate is 
soft, translucent and delicately pigmented, possessmg a surface lex 
ture which is peculiar to skin Faithful reproduebon of all these phj s 
ical charactensbes, although difficult to attain, is even more difficult 
to maintain unchanged while the prosthesis is m use 
Third, the prosthesis, no matter what material is used, cannot be 
made as soft and as pliable as skin, so that it will move along wnth 
the muscles of the face with which it is in contact 
Fourth, the situabon of the prosthesis is such that the matenal of 
which it IS made and the color of the matenal cannot be benefited 
by the protective acbon of body fluids agamst the harmful effects of 
the atmosphere, such as wind, dust, chemical fumes and the hke 
Fifth, constant changes in the color of tlie natural skin caused b\ 
changes in circulabon and seasonal changes caused b) ultraviolet 
ra>s further complicate the problem of attainment of reahsbc appear 
ance 

SUCCESS IN FACIAL PROSTHESIS 

Materials Available.— Although success in an) prosthebc recon 
struebon of soft bssues about the face depends to a large extent on 
such factors as (1) the site and extent of deformity, (2) the nature 
and contours of the bssue surrounding the deformity, and (3) the 
pahent's willingness to co operate and his determinabon to w ear the 
prosthesis, ultimate success must he in the abiht) of the prosthetist to 
solve the problems which have been listed as bemg pecuhar to facial 
prosthesis Theoretically, the solubon of most of these problems can 
be accomplished b> an ideal” matenal with which to work, but such 
a matenal thus far has not been found ” It is true that certam mate 
rials have been used with some degree of success Kxamples are pre 
vulcanized bquid latex and plasbcized plashes These possess good 
translucence, sahsfactor) molding quaht), fair compatibilit), some de 
gree of ph)sical stabilit) and washabilit), all of which are prerequi 
sites for a matenal to be used m facial prosthesis let these matenals 
are (1) not light enough in weight to simplifj the problem of reten 
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tion, (2) not sufficiently durable to maintain the feather-edges which 
help to blend with the skin at the juncture, nor to withstand rapid 
deterioration after moderate use, (3) not sufficiently stable to the ac 
tion of sunlight, smoke and other conditions present m the atmos 
phere, and (4) not quite soft enough to respond to the action of facial 
musculature i 

The evolution of facial prosthesis, so far as the all important ques 
tion of a perfect material is concerned, has been intimately associated 
with two mam types (1) rigid materials and (2) flexible materials 
The former type has offered strength and durability and some degree 
of permanence with much sacrifice of lifelike quality The latter type 
has offered lifehke appearance at the expense of durability The selec- 
ticm of one type to the exclusion of the other always mtroduces a set 
of compromises which usually involves sacrifice of appearance for the 
sake of durability, or vice versa In a given case the individual require 
ments of the patient and the type of deformity to be repaired often 
determine which type of material should be used 

Rigid materials,- ^ such as vulcanite, were used for reconstruction 
of noses and ears before the introduction of the first pliable matenal 
m the form of gelatin glycerin mixture ^ This mixture had a lifelike 
appearance but, unfortunately, the wearing quality of the material 
was very poor A prosthesis made from it could not last more than a 
week or so Consequently, the gelatin glycerin mixture never was used 
widely Most experienced prosthetists fell that they could serve the 
patient best with vulcanite or a similar rigid matenal * ** The 
newer plastics (the so called acryhes and the like), with then im 
proved translucence and color possibihties, have replaced vulcanite as 
a rigid prosthetic material m the hands of some workers ” In the 
meantime, search for a better pliable matenal has not been neglected 
by workers in the field m question Those interested in the problem 
felt that if a material possessing the lifelike qualities of the gelatin 
glycerin mixture with some degree of durability could be found, a 
distinct improvement could be expected Rubber restorations made 
from liquid prevulcanized latex, m spite of the shortcomings of this 
matenal, have gamed considerable favor among facial prosthetists in 
the past eight years ■* o s o is it si jj, opinion of some, it is the 
material of choice A material more recently introduced, and one now 
being tried out by various workers, consists of a variety of plastics 
made pliable or rubber like by the addition of proper plasticizing 
agents -*"'® 

There are certam advantages m these resilient plastics that cannot 
be overlooked They may, in tune, replace latex for some kinds of 
facial prosthetics The wide range of flexibility in which these p’as 
ticized plastics can be made available is a decided advantage From 
the aesthetic standpoint, the results that are obtainable from it are 
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slightly superior to those that are obtained from latex With pliable 
plastics It IS possible to produce dimensionally accurate restorations 
The plashes have greater color possibilities ^Vhen latex is used, the 
problem of shrinkage is always present ** On the other hand, the tech 
me of molding latex restorations is simple as compared with that of 
molding plashes Latex lends itself admirably to the cashng of hoi 
low structures and hence is well suited for use in light weight restora 
hons The liquid adhesives often used for the retenhon of prosthetic 
devices are more effechve in combination with latex than they are in 
combination \vith the knoxvn types of plasticized plastics It must he 
admitted, however, that although the results obtainable from these 
hvo types of phable materials now commonly in use— latex and plas 
hcized plastics— represent a disbnct advancement over earher attempts 
at facial prosthesis, even these newer materials are not perfect in all 
respects The search for an ‘ideal material is not ended 

In table I which is a modification of an earlier table pubhshed by 
myself,’ is presented an evaluation of ten materials, some of which 
have been used and others of which still are being used for pros 
thesis of the face Each material is rated according to twenty quahties 
that are essenhal from a prosthetic standpoint comparative use 
fulness of each material in prosthesis has been indicated in the final 
column of tlus table, where the total score of the rating of that mate 
rial in each of twenty trails has been computed The rahng is ex 
plained m the footnote to the table The so called "ideal’ material has 
a rating of 5 (excellent) in all twenty requirements and has a total 
rating of 100, which is interpreted as being 100 per cent sahsfactory 
Personal opinion regarding the evaluabon of each type of materiaf in 
this table no doubt will vary among different workers according to 
their experience wuth the material 

Indications.— Although it is true that the need for such prosthehc 
devices becomes more obvious and urgent as a result of war casual 
ties the need for prosthesis of the face for civilians m peacetime is 
equally urgent The reason for this is that, if mutilahon has not been 
too extensive plastic surgery for a patient whose face has been 
wounded in battle usually can be undertaken at once This is not 
always true in the case of the civilian who presents himself for cor 
rechon of a facial deformity, because he may be confronted with two 
mam contraindicahons to plastic surgical procedure, namely, (1) pos 
sible recurrence of the malignant process which may have caused the 
deformity, and (2) his advanced age or poor health These two con 
traindicahons usually do not obtam m the case of a person whose face 
has been injured in battle 

In my experience, by far the largest number of pahents refeHcd to 
me for facial prosthesis have had drformihes which have resulted from 
surgical removal of a malignant lesion, or from trauma sustained m a 
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Civilian activity, or from congenital malformation A large number of 
these patients later under\vent plastic surgery done to maVe repair of 
the deformity more nearly permanent For this group a prosthesis was 
considered the most desirable means of meeting the cosmetic require- 
ments during the observation period mtervenmg between surgical re- 
moval of the malignant process and institution of the plastic surgical 
procedure In still other cases, the age or the physical condition of 
the patient made it desirable that a prosthesis be worn for an indefi- 
nite period Six lUuslratne cases will be presented to suggest the pos 
sibilities of the application of facial prosthesis 

REPOUT OF CASES 

Case 1 —A man forty six years old first carne to the Mayo Clmic on January 
15, 1945, to be evammed by the Section on Laryngology, Oral and Plastic Sur- 
gery because of a lesion on die tip of the nose which he had first noted four years 
pnor to his visit The lesion was diagnosed as grade 1 squamous cell epithelioma 
Surgical diathermy was performed by Dr G B New on January 19, 1945 Re- 
moval of the lesion entailed loss of the lip of the patients nose On July 19, 1945, 



Fig 335 -a. Postoperative loss of portions of the soft parts of the nose b. recon 
struction of the nose with elastic plastic compound ’ 


the pauenl returned to the cl, me became of what appeared to be recurrence 

diUonal teue was reused brsS^c“ldlftWy®mJul™S®M45^^ 

Si?" -r~ 
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Case 2 —A. maji sixty-seveti years old tegisleted at the chnic on Ap«l 24, 1945, 
to be examined by the Section on Laiyngology, Oral and Plastic Surgery On 
several occasions he had been treated elsewhere with electrocoagulation and 
roentgen rays for a "sore” on the nose whuii he had noticed six years pnor to 
his admission to the Chnic Examination by Dr New on Apnl 26, 1945. revealed 



Fig 336— a, Postoperative loss of the left side and dorsum of die nose, h, re 
construction of the nose with an elastic plastic compound 


a postradiation recurrent epithelioma of the nose which involved the left side 
and extended across the nose just below the nasal bones This lesion was removed 
by Dr New on April SO, 1945 On August 10, 1945, a sequestrum was removed 
(fig 336, al The patient was tefetred for nasal ptos^esis on September 32. 1945 
(fig 336, b) 


Case 3 —A woman twenty-three years old was first examined at the clinic bv 
the Section on Laryngology, Oral and Plastic Surgery on September 4, 1945 
About four weeks prior to her admission she had been mvolved m a serious auto- 
mobile accident, in which she had been pushed through the windshield The ac 
cident had tesnUed m complete loss of the nose, in multiple scars about the face, 
and in deformity of both the upper and lower left eyelids (fig S37, a) The ex 
tent of the injury and the physical condition of the patient at the time of exam- 
ination, m the opmion of the examming surgeon. Dr E L Foss, were such that 
immediate performance of a plastic procedure was not indicated The patient wm 
advised to delay the operation for six ’ • the meantime she was supphed 

with a temporary prosthetic appLar the operabon could he cir 

tied out (fig 337, b) 


,E 4 —A man forty two years o 
tion on Laryngology, Oral 
j of mcomplete healing 
’ occurred five and a bal 


the clmic for exanunabon by 
on November 6 1944 He 
atic ^ ,f\ of Ih,® 
bis aO •* ^yhen he naa 


PnOBLFMS OF FACIAL pnoSTIlFSlS 


855 


fallen bet\veen the wheel of a tractor and a power l>elt The abrasue action of 
the belt had caused much loss of tissue On examination there were found in od* 
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patient was referred for prosthetic leconstructiQn of the cat as soon as the wound 
had healed sufficiently to permit tfie takmg of an Impression The patient returned 
for prosthesis svhich svas completed on M««h 8 1W5 (fig 33S i) 
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cemmg reconstrucbon of the left auncle This structure had been totally lost two 
years previously m a truck accident The pabent w-as refened by Dr J B Ench 
for a prosthetic reconstruction There was no apparent damage to the hearing or 
to the left estemal auditory canal, except for considerable dimmullon of the di- 
ameter of the external meatus as the result of formabon of scar bssue (fig 339, a) 
The normal size of the canal just be>ond this newly formed constncbon created 
a favorable condibon for retenbon of the proposed prosthesis A perforated “mush- 
room’ type of plug was incorporated on the side of the prostliesis which came in 
contact wth the skin This plug was gently forced mto tlie canal, providing a 
Enn anchorage and also a passageway for sound waies The thin edge of the 
prosthesis, anteriorly, was made to adhere to the skin xvith a "mastisol type of 
liquid adhesive The prosthesis, which was made of later, was completed on 
February 15. 1946 (fig 339. 6) 

Commeni on Case 5— For pabenls whose auditory apparatus on 
both sides is unimpaired except for a missing auncle on one side, re- 
construction of this part of the auditory organ appears to be a defi 
nite aid m re establishment of bi-aural hearing, for such patients seem 
to regam the power of localizing the origin of sound much better with 
the aid of the prosthesis 

Case 6 -A man twenty six years old first came to the clinic on March 2, 1942, 
to be exajiooed by the Secbon on Dermatology and Syphilology He compbmed 
of a cutaneous lesion involving the nose and the upper hp He had first noticed 
this lesion fourteen years pnor to the tune of his visit On exammabon the alae 
nasi and the cartilaginous porbon of the septum were found to ha\e been de- 
stroyed The bssue that had been the site of lupus was removed by Dr New rvith 
surgical diathermy Six months later skm vvas grafted to conect scarring and the 
resmbng ectropion of the upper hp (fig 340, a) The pabent was supplied with 
a prosthebc nose on October 21, 1942 (fig 340 b) 
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iVIALIGNANT TUMORS OF THE SCALP 
Frederick A. Fici 


Malignant tumors of the scalp are encountered rather infrequently. 
They may occur either as primary or as secondary neoplasms. Most 
of the primary gro\vths are epitheliomas and originate on the cutane- 
ous surface; however, they may develop wthin sebaceous cysts or 
have their origin in mesodermal structures such as the pericranium, 
the I>Tnphoid tissue or the blood vessels. Because of the anatomic 
structure of the scalp and its relation to the cranium and its contents, 
these neoplasms present special therapeutic problems. In cases in 
which lesions are extensive, plastic repair may involve as much diffi- 
culty as eradication of the tumor. A discussion of the different types 
of neoplasms occurring on the scalp and methods of treating them is 
presented. 



Fig 341.-Squainous cell epithelioma, grade 1, of the scalp of a man, forty-four 
years of age, developing m a dense scar resulting from a bum ui childhood. 

PniSIARY aiAUCNANT TU510RS OF THE SCALP 
Epitheliomas make up the great majority of primary malignant 
^mors of the scalp. These may be either basal cell or squamous ceU 
m type. Most of them have their origin on the surface of the skin 
but squamous cell epitheliomas at limes arise svithin sebaceous cysts. 
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Squamous cell epitheliomas also often develop on the scalp in areas 
of actmodermatitis and in fraumatic scars, especiaUj' m the thin, tense 
cicatrices resulting from bums and from avulsion of the scalp (fig 
341) Repeated localized trauma to an inflammatory lesion in this 


Fig 342 



Fig 343 Fig 344 

Fig 342 —Extensive basal ceU and squamous ceU epithehoma grade 1 of scalp 

3 , , — C 

Fig 343^ 

Fig 344 — itesuit m tase siiuwn ui u^uies •jru. lUiu 

erative scar and application ot full thicVness skin graft 

situation has appeared at times to be a definite etiologic factor m the 
development of such lesions In general the epitheliomas of the sc^P 
are slmv to invade the deeper structures and tliey metastasize iate 
Even though the primary lesion covers a considerable portioa of 
scalp and is fixed to the crammn, the regional lymph nodes often re- 
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main free from involvement. The nodes may, in fact, be palpably en- 
larged in the mastoid, preauricular, occipital and posterior cer\’ical 
regions because of inflammatory reaction in the tumor of the scalp and 
yet no malignant extension into these structures be present. ^Vhen 
metastasis occurs it is most likely to be in the mastoid, the posterior 
cervical and the occipital nodes. Most of the malignant lesions origi- 
nating on the surface of the scalp show a tendency to spread laterally 
or to produce a papillar>' or fimgating mass rather than to invade deeply 
(figs. 342, 343 and 344). The tough, fibrous galea aponeurotica prob- 
ably is an important factor in this regard. However, in cases of highly 



Fig. 345. Fig. 346. 


Fig. 345.— Supeifidal basal cell epilhelioma recurring following cautery excision 
and electrocoagulation. 

Fig. 346.— Result in case sbowTi io figure 345 following excision of epithelioma 
and application of full-thickness sldn graft 

malignant epithelioma and with recurring lesions, especially following 
irradiation, deep infiltration at times takes place early and the possibility 
of involvement of the bone and of intracranial extension is always 
present. 

Basal cell epitheliomas frequently e.xtend to the scalp from the 
forehead and temporal region by direct continuity, although they 
may develop here primarily (figs. 345 and 346). Lake such lesions 
about the upper part of the face, they often are very superficial in 
type, produce only slight discomfort and progress slowly. At Umes 
they tend to heal in their central portion while gradually progressing 
at the peripheiy. They may cover a -wide area and yet remain freely 
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mobile because of lack of ^tension to the galea (figs 347 and 348) 
However, foUowmg incomplete treatment, especially witfi radiation 
the galea often becomes involved and perforation of the cranium may 
occur subsequently 

Epitheliomas of the scalp are best removed surgically Small, super 
ficial lesions may be electrocoagulated or excised and the wound s« 
hired Larger lesions, if freely movable, may be excised sharply or 
with the diathermy scalpel and immediate skin graft or some other 
type of plastic repair of the wound performed Growths that are fixed 
should be removed by means of electrocoagulation, the underlying 


I 


Fig 347 —Extensive basal cell and squatiwus cell epilbelioma, grade 2 te- 

347 three years Idlowing excwon 
>rtion of the grafted area resulted 
from uncovering the bone during removal of the epithelioma This seguesfrum 
was removed subsequently and the defect was repair^ W'Uh a pedicle scalp nap 

bone thoroughly cauterized and irradiabon used to supplement diis 
treatment The radiation may be applied as radon implants inserted 
into the margins of the wound, as radmm tubes wrapped in 
and placed m the wound, as radium packs or as roentgen therapy 
this connection the necessity of making careful roentgenograpWc 
studies of the skull prior to advising treatment for any fixed tumor 
in this situaban cannot be overemphasized A word of warning m 
this regard has been sounded by Camp, who observed that seeming y 
innocent nodules of the scalp frequently are expressions of systemicv 
osseous or intracranial disease 
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Neoplisms of the scalp that m\ol\e the bone but have not >et ex 
tended to the dura should be dealt wth in the same manner as the 



fig ZVi Fig S50 

Fig 349 —Deeply ulcerated recurring epiU^lioma of the scalp measuring ap- 
pro^malely 7 cm m diameter 

Fig 350 —Scalp wound in case shown in figure 349 approximately six weelvs fol 
lowing removal of epithelioma 



Fig 35L-Cracuum m case shown in hgnxes ZVi and 350 o FnoT \o opera- 
tion showing destruction of outer table b Five months later, showing extent of 
bony loss involving full thickness of skull 


group )ust described However, m these cases craniotomy should be 
done and a bone flap extendmg well beyond the area of involvement 
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the hght of recent experience the brain can no longer be considered 
insensitive to radiation, and added that the reflex changes cerebral 
hypoplasia, vascular changes and gUal degeneration reported la the 
hlerature bear ample testimrmy to this fact 
Mclano e\nthdwmas of the scalp are encountered only infrequently 
They may develop in the pignaented nevf commonly seen on the 
scalp or they may be a direct extension from the mastoid or temporal 
region or from the auncle They are Aaracterized by the usual fea 
t nresented by such lesions elsewhere m the body, namely, rapid 
r metastasis Unless these tumors 

anticipated m most instances iieinuvu w 



5ig 3 j 7 -%telano epiihehotna oi Ue scatp onginatog in a lagtnfnliid 
Fig 358 -ImTOediate result m casft shnwci m figure 357 (oUowrag renvnw « 
melano epitheiiotna and apphcalion of full ihicVness sVin graft 


type at is sought by the patient b<s;ause of the annoyance or 

die uiisigV ’ even though the ulti 

mate prog seen some years ago 

who had p and mastoid region 

requested 1 with her weanng a 

headphone Although deep dutuse » i of the posterior 
of the oropharynx was already presept removal and shn graft enabieo 
the pahent to continue with her work for approximately t« o years 
(figs SST and 358) 

Sebaceous cysts of the scalp generally are considered of httle coo 
sequence aside from their appearance, the annoyance of their presence 
and the possibility of their becoming acutely infected \Vhde these 
features furnish sufficient reason for their removal of even ^eater im 
portance is the likelihood of mahgnant change developing m them 
Cases of epithelioma ongmabng m sebaceous cysts have been re 
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ported by a number of writers and several such instances have come 
under my personal observation. Caylor in 1925 reported a study of 
236 sebaceous cysts, a tliird of which occurred on the scalp, the fore- 
head or the temporal region. Approximately 3 4 per cent of the entire 
series eventually became malignant. Of the malignant group three 
were situated on the scalp All of them were squamous cell epitheli- 
omas, two being graded 1 and one being graded 3 according to the 
classification of Broders. Such a tumor early presents as a localized, 
firm, movable mass and in the majonty of instances its true nature is 
not suspected prior to removal Enucleation with the capsule intact 



Fig 359— Multiple adenocarcinomas, grade 1 (cylindroma), on the face (a) 
and scalp (b) of a gul nineteen years of age The tumors had been present since 
the age of eight years 

offers a good prognosis but incomplete removal is followed by prompt 
recurrence and ulceration and fixation are likely to occur. 

Next to the epitheliomas, fibrosarcomas are the most common malig- 
nant tumors of the scalp. The exact site of origin of these neoplasms 
may be difficult or impossible to ascertain definitely. However, since 
some of them are more or less mobile primarily, while others are 
firmly fixed, it appears obvious that they may spring from the epi- 
cranium, the galea or the more superficial fibrous structures. Such a 
tumor presents as a symptomless, firm to hard, smooth, nonulcerated, 
rounded fibrous mass. Growth as a rule is slow and often tends to 
remain so in spite of repeated recurrence. Frequently these neoplasms 
are mistaken for simple fibromas because of their inactivity and this 
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often results m incomplete removal with subsequent recuirence A1 
though the overlying skin often is involved and becomes thin and 
tense, ulceration usually does not occur except as a result of trauma 
Metastasis is not likely to take place until late in the course of the 
disease even though considerable inflammatory reachon js present 
Most of the tumors of this type coming under my observation haie 
been graded 1 or 2 according to Broders’ classification They have 
been firm on palpation and either &ced or only slightly movable The 
more highly malignant growths have been softer and more vascular 
than the less malignant growths Some of them had been mistaken for 
adenocaranomas of mited tumor type However, these rarely occur 
on the scalp and they usually possess a definite capsule {6g G59) 



Fig 380 Fig 383 Fig S32 

fig 360 -Fibrosarooma of scalp that was recurring foUoiving ercisiaa awl U 


radiation 

Fig 361 —Fibrosarcoma of scalp tint was recurring foJlownng eacisiOn two jeaw 
previouslv A b opsy had been done recently 
Fig S63 —Sequestrum in operafK'o wound in case shown in figure 30i appmu 
mafely nine moalhs following surgical removal of fibrosarcoma 

Fibrosarcomas of the scalp often are not considered of senous con 
sequence until after they have recurred once or more (fig 360} B) 
that time they usually are firmly fixed to the skull and thorough «u 
tenzation of the underlying bone following excision v.itK 
thermy scalpel is necessary in order to msure complete removal (figs 
361 and S62) Supplemental irradiation by means of intei'5tdial ap' 
plication of radon direct application of radium tubes to the incision 
radium packs or roentgen therapy also fs adnsable Tlie problem ot 
plasbc repair here corresponds to that following removal of epiuieii 
omas of the scalp With radical removal the prognosis in these cases 
«s good , 

Primary lymphohlQ&toma (Hodgkins disease) of the scalp 
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tremely rare Secondary involvement by this condition occurs much 
more frequently tlian primary involvement Greenhouse and Cornell 
reported a case of primary lymphoblastomxa of the scalp The patient, 
a man forty years of age, gave a history of trauma to the involved 
region fifteen montlis previously Howcv er, tins probablj had no direct 
beatmg Examination showed an area of alopecia on tlie vertex of the 
scalp on which was a serpiginous, shiny, indurated lesion, the size of 
the palm, elevated about 0 5 cm above the surface This was bluish 
red and slightly yellowish, freely movable and not tender There were 
no subjective symptoms Microscopic study following biopsy showed 
Hodgkins disease There was no evidence of tins condition elsewhere 
The lesion of the scalp responded to roentgen therapy 

SECONDARY MALIGNANT TUMORS OF THE SCALP 

Metastasis to the cranium occurs much more often than does cuta 
neous metastasis on tlie scalp In fact, the latter is rare Kaufmann 
Wolf reported sixty-five cases of cutaneous metastasis, m only one of 
which the scalp was involved Metastasis to the scalp may be second 
ary to various types of malignant tumors of different portions of the 
body However, some forms of ncophsms and especially those of cer- 
tain organs are particularly prone to metastasize to tlie skull and 
scalp One of the chief offenders in this regard is h>pernepliroma, 
which at times will produce a metastatic tumor in this situation be 
fore symptoms referable to the gemto urinary tract appear Highly 
malignant neoplasms of any portion of the body may metastasize to 
the scalp Su^ extension from carcinomas of the stomach, colon, 
breast, bronchus and prostate has been reported In some instances 
these tumors of the scalp were misdiagnosed as sebaceous cysts or 
other benign growths, since the primary malignant process had not 
yet attamed sufficient size to permit recognition Multiple myelomas 
frequently involve the cranium and they may secondarily invade the 
scalp 

Most metastatic growths on the scalp are seen as a small sohtary 
nodule or several small nodules However, they may be very numer 
ous and produce a huge turban-like tumor, as in the case presented 
by Ronchese and that of Sequeira In the former case, in which the 
patient was a man, sixty nine years of age, there had developed dur- 
ing the course of sixteen months multiple firm, pink, slightly mobile 
tumors ranging up to 3 or 4 cm m diameter, which were so numer- 
ous that they literally covered the scalp A half-dozen small nodules 
were also present on the back, thorax and abdomen Necropsy re- 
vealed the condition to be part of a generalized metastasis from a 
carcinoma of the prostate In the case reported by Sequeira meta 
static growths on the scalp which were secondary to a chondrosar- 
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ated on, is approximately 1,500 Only those described herein had 
been diagnosed as lymphosarcoma or some other malignant neoplasm 
closely resembling lymphosarcoma but indistinguishable from it for 
reasons such as infection and therapy 

In this senes of nineteen patients who had primary lymphosarcoma 
of the orbit, four are known to have been alive and well for five years 
or more, at the time of writing One of these four patients has been 
alive eleven years, another, nine years, the third six years and the 
fourth five years Five patients have been treated within the past 
two years (1944 and 1945) and ate considered to have been seen too 
recently for evaluation of their condibon All five were well at die 
tune of writing Six patients are knosvn to be dead, four of these died 
as the result of the tumor and two died from accidental causes Four 
patients have not been beard from recently, but it is known that three 
of these were alive at least two years, and that one was alive one 
month, after treatment Of those patients who died as the result of 
the tumor, the average time of sunival after treatment was nmeteea 
and a half months 

Reese reported the results of treatment of five patients who had 
lymphosarcoma of the orbit The average age of the patients in his 
series was fifty five years Tliree of the patients died before two and 
a half years had elapsed since treatment Two were ahve at the tune 
the report was published, one of these had lived three years, and one 
had lived hvo and a half years, after treatment Sisson reported on a 
patient who was alive and well eight years after exeoteratjon of the 
orbit and roentgen ray therapy Woodson described a probable lym 
phosarcotm which disappeared after irradiation Gross and Votaiw 
wrote of a bilateral retrobulbar lymphosarcoma which regressed after 
irradiation but the patient subsequently died 

In our senes surreal removal of the orbital tumors was perfonned 
for twelve of the nineteen patients three patients underwent exen 
teratlon of the oibit For the remaining four patients biopsy was car 
ned out All patients received some type of radiation therapy 
the operation Twelve patients received radium therapy, five had 
roentgen ray therapy and three received combined roentgen ray and 
radium therapy In the cases m whidi exenteration of the orbit was 
performed, radium was implanted directly in the orbit, whereas m 
the others it was employed externally in the form of blocks All radi^ 
lion therapy was administered in the roentgenologic and radium 
parhnenls of the Clinic The four patients m this senes xvho hvw 
five years or more had undergone svngical removal of the orbi a 
tumor Three of these four paboits had received radium therapy 
postoperabvely, the other bad received roentgen ray therapy ^ 

The histologic picture of fibese tumors was surpnsinglj uniionn 
All presented the chanctenstics of die lymphoblastomatous type 
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lymphosarcoma. The tumors were composed of fairly uniform, closely 
packed round cells, with little cytoplasm and hypetchromatic nuclei. 
Cell types differed somewhat according to the degree of malignancy. 
They were found in a scanty reticulum in no characteristic arrange- 
ment In one case an area of necrosis was present in the tumor, but 
no other regressive changes were present. 

LYMPHOCYTIC TUMORS OTHER TUAN PRIMARY LYMPHOSARCOJIA 
In addition to primary lymphosarcoma of tlie orbit, a few other 
lymphocytic tumors of the orbit have been encountered at the Clinic. 
There are fi\’e cases in which secondary lymphosarcoma invaded the 
orbit. The average age of the patients in these cases was 61.4 years. 
For four of the five the diagnosis of generalized lymphosarcoma had 
been made; the fifth patient had lymphosarcoma of the nasopharynx 
and parotid region. All these patients died. One patient lived two and 
a half years and died by suicide. The otliers died one month, three 
months, seven months and twenty months, respectively, after they had 
been seen with an orbital lesion. 

There were also seven cases of Mikulicz’s disease, in which tiie 
average age of the patients was fifty-two years. In five of these cases 
the diagnosis was based on microscopic examination of material re- 
moved surgically; in the two other cases diagnosis was based on clin- 
ical evidence. All these patients were alive when they were last heard 
from. In three of these cases the tumors were unilateral. In all but 
one case the tumors were situated in the upper temporal quadrant of 
the orbit, and in most instances multiple nodules were palpable. The 
presenting symptoms of these patients were ptosis or proptosis. 
Tumors were removed surgically from four patients; for one patient 
biopsy was performed. All patients received roentgenologic treatment. 
Three patients experienced exacerbation of symptoms which were 
treated satisfactorily with additional roentgen rays. One patient did 
not return to the Clinic; the condition of this patient was followed 
for only three months. Two other patients were treated within the 
past year (1945). The condition of the others was followed for vari- 
able periods, but the patients were known to be alive and well for 
from three to ei^t years. 

The condition of a child, two and a half years old, \vith the present- 
ing symptoms of exophthalmos, was presumed to be lymphosarcoma 
(Hodgkin’s type) or lymphatic leukemia, because of characteristic 
hematologic observations. 

The right eyelid of a man, seventy-two years old, contained a tumor 
rneasurmg 28 by 22 by 20 mm. It was removed and was found to be 
definitely a malignant neoplasm; the diagnosis was “nonmelanolic 
melano-epitbelioma or ’lymphosarcoma.” 

An intraorbital tumor was removed, elsewhere, from a woman 
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Sixty-five years of age, and a sechon of it was sent to the Chnic for 
examinabon The tumor lapidly recurred The woman came to the 
Chmc for additional treatment Sections of the ongmal tumor, which 
had been removed elsewhere, proved to be grade 2 (Broders’ method) 
hemangio endothelioma, whereas the recurrent tumor removed at the 
Clinic a few months later was diagnosed as ‘ grade 4 mahgnant neo- 
plasm, probably lymphosarcoma ^ 

MALIGNANT ORBITAL TUMORS ASSOCIATED WITH TUMORS OF 
THE BRAIN OR SKULL 

Malignant neoplasms of the orbit often are assftciated wth tumois 
of the skull or of tlie brain In the case of orbital tumor and tumor 
of the brain occurring at the same tune, it would be presumed that 
the neoplasms were identical if not actually connected There may, 
however, be two distinct processes, as identified by histologic exam 
ination The following case is an example 

An lUu«trativ« Case —A N^oman. twenty Sve years of ase, came to the Mayo 
Clinic because of left exophllialmos, displacement downward of the left eyeball 
and recuneat swelling of die left upper eyelid At operation the orbit was entered 
through a brow inasion The roof and lateral %vall of the orbit were rough, the 
penorbita Nvas thick but not adherent lo the bone Beneath the penorbita was a 
tumor situated along the lateral wall below die lacrimal fossa, and extending bv 
ward the inferior orbital fissure This tumor was firm, not encapsulated, and was 
surrounded by dense tissue There were no deliiscences in the walls of the orbit 
The tumor, which was easily dissected out measured 25 by 15 by 1 cm The 
pathologic diagnosis was Mikulicz $ disuse** After the operation, proptosls grad- 
ually receded vmtil the patients eye was almost in normal position Vision svas 
6/12 Proptosis recuned within two weeks, fluctuated a few days and then grad 
ually increased 

Roentgenograms of the patient’s head made before the operation on the orbit 
had disclosed thickening of the frontal bone on the left side, the lateral margin 
of the orbit and the greater wing of the sphenoid bone Repeated roentgenograms 
confirmed a clinical diagnosis of frontal and basofrontnl menmgioma Left trans- 
frontal craniotomy was performed by Dr A W Adson Multiple meningiomas 
were found to anse from the arachnoid side of the dura along the sylvian fissure 
Just above the sylvian fissure on the frontal lobe side were nubbins, the largest 
of winch was 2 cm, and the smallest, 5 mm . m dnmeter 

The extradural surface was covered by a pinkish, sessile mass which was 
thought to be merungioma but which looked bke mflammatory tissue 'This hum 
extended over the dura which covered the left temporal and frontal lobes and 
part of the parietal lobe and must have been 15 cm in diameter 

The dura, and the diffuse, heavy, inB'inunatory mass which contained men 
ingcal tumor cells, extended down nndemeath tlie frontal lobe over the roof of 
the orbit and in turn produced the same hypertrophy of the bone that had b«n 
observed over the frontal and temporal areas The orbit was unroofed dopally 
Then the lateral and infenor walls were removed including all bone and aU ^ 
volved dura, so that the frontal and temporal lobes and part of the parietal lobe 
were denuded of dura The aradmoid was still in place and the brain was no 
in|ured, except m two or three small areas m which the nodules had P*®**”^ 
the arachnoid These small areas wese situated on the Infenor and bteral aspect 
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of the frontal lobe in the premotor arei and also in the frontal and temporal con- 
volutions on the left The bone tliat was remo\ed appeared to be honeycombed 
and crumbly in structure, not unhhe the bone that sometimes co%ers a menmgi- 
oma The perpleung aspect of the situation was that the penosteum over the 
frontal and temporal regions appeared to be hypertrophied, and gave the impres- 
sion that It had been invaded by some neoplasm such as a sarcoma As a matter 
of fact, the extradural plaque looVed Lie a sarcoma After the orbit had been 
unroofed, the penorbita appeared to be smooth and there ^vas no evidence of 
the same type of inflammatory structure that had ins'aded the penosteum on the 
external surface of the skull Yet, when the penorbita was incised in the dorsal 
and mesial aspects, the same sort of hard, edematous tissue was encountered Dis- 
section was contmued and a large portion of tlie hard, edematous tumor was re- 
moved, so that when the operation was finished the supenor levator and rectus 
muscles could be demonsfalcd The pathologic report, based on examinabon of 
frozen sections xvas “inflammatory tissue reactionary tissue containing menmgeal 
cells and probably sarcoma ’ Sections of fixed tissue from the skull, from the orbit 
and from the tumor of the bram exhibited "diffuse inflammatory reaction with 
many lymphocytes’’ 

On two occasions during the first five years after craniotomy the wound was 
opened Tissue removed on those occasions exhibited only inflammatory reaction 
To the tune of writmg there has been no recurrence 

sumhury 

Malignant lymphocytic tumors situated m the orbit, as well as else- 
where, present problems of diagnosis, both clmically and histologi- 
cally Nineteen cases of primary lymphosarcoma of the orbit have 
been considered, and brief reference has been made to some other 
lymphogenous tumors of the orbit One case in which the intra orbital 
and intracranial manifestations presented a puzzling problem of diag 
nosis has been described 
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SELECTION OF PATIENTS FOR THE FENESTRATION 
OPERATION FOR OTOSCLEROSIS 

Henby L Williams 


The original impetus which has led to the present fenestration oper 
ation was the accidental opening by Bdrdny of the horizontal semi 
circular canal while doing radical mastoidectomy on an otosclerotic 
patient under local anesthesia He noted an immediate improvement 
of the patient s hearing. As a result of this observation in 1907 Birdny 
made an attempt to produce a labyrinthine fistula wthio a patent 
who had otosclerotic deafness Improvement of hearing lasted for a 
few days only Again m 1913 m two cases Jenkins made fistulas into 
the horizontal canal and covered them with skin grafts He obtained 
immediate good results as far as herring was concerned but one 
patient soon became completely deaf m the ear on which the opera 
tion had been performed and the hearing of the other soon returned 
to the preopeiative level 

In 1917 Holmgren initiated Ae long senes of Inals Aat may be 
said to have led to Ae present technic of fenestration He finally de* 
veloped Ae following technic ^^Aile Ae patient was under local an 
I esthesia ivide antrotomy was performed and fistulas were made wiA 
a chisel into Ae horizontal and posterior vertical canals The endos 
teum was removed wiAout injuring Ae membranous labyiinA Holm 
gren noted Aat as soon as a fistula had made even the smallest open 
mg into one of the canals teducmg penlympbahc pressure the hear 
mg immediately approached normal After Ae fistulas had been 
formed a prosthesis of fat was placed in Ae antrum to try to prevent 
their closure In Holmgrens and previous technics it seems evident 
Aat Ae surgeon attempted to secure a constantly filtermg scar similar 
to that obtained in Ae trephine operabon for glaucoma Holmgren 
reported operations on Airty four pahents wiA various modifications 
of Ais technic Of these tlmty four cases Holmgren slated Aat res 
toration of heanng persisted to a wotA while degree in eight cases 
(24 per cent) Holmgren observed however Aat in many cases Ae 
hearing in the ear on which operation had not been performed be 
came progressively worse but m Ae ear on which operation had been 
performed Ae hearing remained slabonary Even Aough Holmgr^i 
selected Ae worse of Ae hvo ears to be operated on and the opera 
bve result was an apparent failure after several years the ear on 
which operation had been performed became Ae better in nearly all 
instances 

SourdiUe after observing Holmgren s work developed a pm* 
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cedure, depending on a new principle which he termed tympano 
labyrmthopexy The operation was done in three stages In the first 
stage the mtegument was removed from the posterior superior wall 
of the extemTl auditory canal so that it might be replaced by a thm 
flexible scar After epidermization of the scar at a second operation 
the mastoid process was completely exenterated and the heads of the 
malleus and incus were exposed Tlie malleo mcudal jomt was then 
opened and the head of the malleus was removed After epidermiza 
tion of the operative cavity, the third stage of SourdiUe’s operation 
consisted in lifting up the endomastoid flap at the level of the hori 
zontal semicircular canal making a fistula in the canal and covering 
it with the thm scar produced by the two prev lous procedures Sour 
dille usually found it necessary to lift the flap two or three times and 
remove bone newly formed by the periosteum and endosteum before 
the fistula could be mamtamed permanently open The long delay 
between the vanous stages of this procedure was necessitated by m 
fection m the incision followng the vanous stages repeated opera 
tions over a period of two years or more being required 
Sourdilles technic proposed a new concept however Instead of en 
deavonng to secure increased mobilization of the perilymph and 
endolymph by producing a constantly filtermg scar, which when at 
tamed resulted m eventual labynothiUs with complete loss of heaimg 
SourdiUe hoped that a thm epithelial flap over an open fistula would 
give enough extra mobihty to the endolymph so that, with the in 
creased excursions of the tympanic membrane produced by excising 
the head of the malleus sound wave stribng the drum which was 
attached to the scar covermg the fistula would be transmitted with 
magnified force to a more mobile perilymph 
Sourdille reported operation on 109 patients having otosclerosis 
Nvith hearmg apparently restored to normal conversation'll levels in 
40 per cent There was moderate to shght improvement in the hear 
ing of the remamder He did not report any cases m which the hear 
mg had been made worse by the procedure 
In 1938 Lempert’ proposed a one stage technic utilizing the prm 
ciple suggested by Sourdille by which a fistula or fenestra made m 
the horizontal semicircular canal could be immediately closed with a 
thm phable flap of the meatal mtegument sbll attached to the mar 
gm of the intact drum The Lempert* technic made feasible for any 
patient an operation that had been economically impossible previ 
ously for any but a few It was with the introduction of the Lempert 
single stage technic that the fenestrabon procedure was lifted out of 
the class of purely experimental surgery and put on a pracbcal foot 
mg To Lempert therefore n^tfully belongs the title of father of 
the present surgery for funcboual disorders of the organ of heanng 
Lempert® has further modified his technic from time to tune so 
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that at the present time after the mastoid cell structure has been exen 
terated, the incus is removed and the head of the malleus is cut off 
A flap IS then fashioned from the mtegument of the posterior and 
superior wall of the external auditory canal, the thinnest portion of 
which attached to the tympanic membrane is to be placed over the 
fistula, which is fashioned at tlie junction of the horizontal semicir 
cular canal with the hbyimth After tlie fistula or fenestra has been 
made, it is filled witli a "stopple” fashioned from cartilage or other 
substance neither provoking nor taking part in bodily reparative 
processes The stopple may be loosely fitted so as to vibrate or may 
be perforated so as to admit sound waves The purpose of the stopple 
is to stop regenerating bone from the periosteum from filling the 
newly formed fenestra and to protect the dehcate membranous laby 
rmth from reactive labyrinthitis 

Lemperl reported that, of 815 cases in which the fenestration opera 
bon was done for clinical otosclerosis, complete rehabilitation for 
social and economic contacts as a result of restored hearing was 
secured in 571 cases (70 per cent) Of seventy five pabents on whom 
operation was performed more than su years ago, twenty four pa 
bents (32 per cent) have maintamed pracbcal serviceable beaimg. 

now DOES THE FENESTRATION OPERATION ISIPROVE nEARlNC! 

Normally, localizabon of hearing seems to be produced in the organ 
( of CorU by fluid waves of certam frequency pioducing a displacement 
of the basilw membrane on which the nerve cells rest m certain 
definite areas corresponding to the lengths of the waves entering the 
cochlea The cochlea is a npd bony tube 32 mm- m length when 
uncoiled It is divided into three tubes The cenbal tube, the cochlear 
aqueduct, is closed at the upper end but communicates at file lower 
end with the saccule It contains endolymph, whidi bathes the organ 
of Corb The other two spaces the scala vesbbuU and the scala tym 
pani, are connected through the tenrnnnl coll by a nanow opening 
termed the hehcotrema They thus fonn a conbnuous tube closed at 
one end by the elasbc membrane of the round wmdow and at the 
other by the foot plate of the stapes and its annular ligament 

The tympanic membrane and the set of three levers called the 
ossicles cormecUng it with the foot plate of the stapes are essenbally 
a mechanism for transforming energy in the form of air waves mto 
energy in the form of waves m fluid Since water is incompressible 
it is necessary to have a tneans by which energy entermg the cochlea 
through one opening may escape through another Waves set up by 
vibrations of the stapedial foot plate bansmit energy along the s^a 
vesbhuh through the hehcobema and do%vn the scala tympani were 
they escape through the elasbc membrane of the round ivmdow 
which vibrates in alternate phase with the foot plate of the stapes 
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It is apparent, flierefore, that if either of the openings from the mid- 
dle ear into the cochlea becomes so rigid that it is incapable of 
transmitting energy into or out of the co(£lea, energy waves entering 
the cochlea will be unable to produce any deformation of the basilar 
membrane, the nerve cells of the organ of Corti wU not be stimu- 
lated and central transmission of the form of energy known as sound 
wll be lacking or deficient. If growth of new bone as in otosclerosis 
fixes the foot plate of the stapes or the mobility of the round \vindow 
is impeded, as is frequently the case following inflammations involv- 
ing the middle ear, hearing wll be reduced. 

Holmgren noted that, if the slightest leak of perilymph occurred in 
performing operation on the labyrinth will the patient under local 
anesthesia, the hearing was immediately increased, even though a 
fenestra had not been completed. He concluded therefore that the 
increased mobilization of tlie perilymph was the factor that led to the 
immediate increase of hearing noted at the operating table. 

Sourdille enlarged on this notion and pointed out that, when an 
opening was made into the labyrinth, perilymph above this opening 
immediately ran out, leaving all the spaces above the level of the 
fistula empty and so forming a free surface of perilymph responding 
to vibrations with a greatly increased intensity. In Sourdille's opinion 
it was the greater mobility of the perilymph produced by the reduc- 
tion of pressure in the labyrinth and the formation of a free surface 
of perilymph that produced the immediate spectacular gain in hear- 
ing once the labyrinth was fenestrated. He pointed out that the rapid 
reduction of hearing following the operation was o\ving to the refill- 
ing of the labyrinth with perilymph. He felt therefore that the sur- 
gical problem presented for solution was the development of a 
method for preserving an increased mobilization of the perilymph in 
a filled labyrinth. He felt that this could be done by covering the fis- 
tula made in the labyrinth by a permanently elastic covering attached 
to the edge of a tympanic membrane whose excursions when stimu- 
lated by air waves would be increased by die resection of the head 
of the malleus. 

This principle established by Sourdille is the one followed by Lem- 
pert in his improvements and modifications of the technic. That it is 
correct seems to be substantiated by the conclusions dra\vn by Lem- 
pert from a study of his first 1,000 cases in which operation was 
performed. 

It would follow from the hypothesis ^ven in preceding paragraphs 
that to secure good results from the fenestration procediue the tym- 
panic membrane must be able to vibrate and the nerve cells in the 
organ of Corti must be in a condition to receive and transmit the 
normal stimuli. Conditions interfering with the mobility of the tym- 
panic membrane are: (1) perforations or other conditions producing 
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flaccidity, (2) adhesive bands preventing mohon of the tympanic 
membrane or ossicular cham, (3) any condition interfering with the 
pressure relationships on the two sides of the tympanic membrane 
Conditions interfering svith reception of stimuli by the organ of Corti 
are (1) degeneration of the nerve cells of the organ of Corti (2) 
degeneration of the nuclei and association centers in the cerebrum 
(3) closure of one or both windows 

SELECTION OF CASES FOR niE raNESTRATlON OPERATION 
Otosclerosis.— The fenestration operation is designed to coned 
loss of hearing produced by otosclerosis, since it is not probable diat 
deafness produced by any other type of pathologic change in the ears 
can be; corrected by surgical procedures at the present time Oto- 
sclerosis, however is a histologic diagnosis that cannot be made with 
absolute certainty on the living person Therefore patients on whom 
the fenestration procedure seems advisable are said to have "clmical 
otosclerosis," meaning that, so far as the clinician can tell within a 
reasonable margin of error produced by the difficulty of making an 
exact diagnosis in the living, tfic deafness in the patient under con 
sideralion is produced by the otosclerotie process 
Some facts having a bearing on the selection of pabcnts for the 
fenestration procedure that have been brought out by Fowler and by 
Guild in his study of histologic otosclerosis should be mentioned here 
Fowler found that while one of twenty necropsies on adults shoived 
otosclerosis in less than a fourth of the cases m which otosclerosis 
was present disease had invaded the annular ligament of the 
stapes and resulted in loss of hearing In the study of senally sechoaed 
temporal bones secured at random Guild found forty nine cases of 
histologic otosclerosis in only one of which the patient had been less 
than five years of age and in only sa of which flie patients had 
been less than twenty years of age In the age group of thirty to f^ 
nine years there v> ere bventy sei en persons who had otosclerosis This 
suggests that the statement that otosclerosis tends to start at puberty 
is incorrect since but six of the forty nine patients were less than tv enty 
years of age Giuld stated that the incidence of approximately 4 
cent for the occurrence of otosclerosis in the whole group would he 
much larger if the material contained the same proporUon of 
and of females as does the general population of this country In Ww 
SIX cases of otosclerosis in which sections of both ears were available 
the otoscJer<?sis «as bilateral rn thirty hvo cases and unilateral m f^ 
teen cases This suggests that unilateral deafness may be more 
quently produced by otosclerosis than had hitherto been suspected 
In regard to location of otosclerotie regions otosclerosis iniai' 
the region of the oval window m sixty R\e of the eighty one ears an 
twenty five of the eighty one ears had an otosclerotie region at so 
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part of flie attachment of the round window. There were in all forty- 
eight otosclerotic areas not in the region of the oval window. Guild 
stated that without exception^ the material on which this report is 
based is in agreement with the opinion that otosclerosis does not cause 
an impairment of hearing until or unless a bony connection becomes 
formed between some part of tlie margin of the oval window and the 
stapedial foot plate. The stapediovestibular articulation had become 
ankylosed in only ten of the ei^ty-one ears in which there was his- 
tolo^c otosclerosis. In tlie region of the oval window in the sixty-five 
ears studied the otosclerotic process was active in tliirty-txvo ears and 
quiescent in thirty-three ears but in all the cases in which stapedial 
ankylosis had occurred the otosclerotic process was of good size and 
active. In none of the cases in which otosclerotic processes involved 
the region of the round window had the disease progressed to the 
point at which hearing was affected. 

This material enables one to answer several questions in regard to 
the advisability of the fenestraUon operation in cases of loss of hear- 
ing presumably secondary to ankylosis of the stapediovestibular articu- 
lation. 1. Is the involvement of tlie round window likely to make a 
good result from the fenestration procedure impossible? 2. Is progres- 
sion of the otosclerotic process likely to compromise the organ of Corti 
and so vitiate the result obtained by fenestration? 3. In a case of early 
clinical otosclerosis is quiescence of the process probable before such 
serious impairment of the hearing takes place that hearing aid will 
become necessary? 4. Does the absence of a family history of deaf- 
ivess, even when well authenticated, make the diagnosis of clinical 
otosclerosis less probable? From the material presented it seems logical 
to conclude that these questions should be answered in the negative. 

Another question frequently asked concerns the possibility of in- 
heritance of otosclerotic deafness. Guild stated that the facts in the 
material presented rendered invalid all conclusions with respect to 
doralnant and recessive genes that have been drawn from clinical 
studies of the inheritance of otosclerosis. Since, however, the studies 
that he mentioned are rather on the inheritance of otosclerotic deaf- 
ness than on the inheritance of otosclerosis itself, it would seem that 
the material presented does not invalidate these studies. In this in- 
stance Guild appears to have been misled by the confusion of clinical 
with histologic otosclerosis which he warned against in his paper. 

In reviewing data on the patients who have presented themselves 
at the Clinic in regard to deficiency in hearing it has seemed iustifiable 
to make a diagnosis of clinical otosclerosis in approximately 20 per 
cent of cases. It can be seen at once therefore that the majority of the 
deafened cannot he expected to urofit by the fenestration procedure 
It also seems justifiable to state from our findings that not more than 
50 per cent of those patients for whom a diagnosis of clinical otosde- 
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rosis can be made are suitable patients on whom to perform this pro- 
cedure 


General Contraindications to the Fenestration Procedure.- 
Smce the fenestration operation is an opbonal surgical procedure any 
general condition which might add to the risk of operation should be 
a contraindication to the procedure Among such conditions should be 
mentioned diabetes severe peripheral vascular disease and malfunc 
tion of the kidneys Since the operation should be considered a major 
surgical procedure with a moderate amount of surgical shock ad 
vanced years must be considered a contramdicahon unless the pahenl 
IS physiologically younger than his chronologic age The fenestration 
operation is as a rule not often indicated when a patient is more than 
fifty years of age because of the degenerative changes m the auditor) 
nerve which are frequently present at this age and above 

Otologic Contraindications to the Fenestration Procediire.-If 
the disability of hearing appears to be due primarily to degeneration 
of the auditory nerve it is obvious that the fenestration procedure 
offers nothing If however there appears to be a combination of 
clinical otosclerosis wth atrophy of the cochlear nerve fibers an at 
tempt must be made to judge how much of the deafness depends on 
the otosclerotic process and how much on the degenerative change 
of the nerve smoe too great a degree of nerve deafness is a conliaindi 
cation of the procedure This is by no means, a simple task m some 
instances because some patients e^ibit a tendency possibly subcon 
scious to lead the diagnostician astray When degeneration of the 
nerve has been present for some tune many patients tend to confuse 
sound with the vibratory sense and ivill report prolonged bone con 
duction when m fact it is definitely shortened The fork should be 
tested on other bony regions of the body preferably the knuckles to 
make sure that the patient is properly distinguishing sound from 
vibration 


In testing for bone conduction on the audiometer with the bone con 
duction receiver as Grossman and Molloy have pointed out own'’ 
to physical difficulties with the bone conduction receiver the position 
of the bone conduction curve is of little significance providing it is 
not significantly lower than the air conduction curve However the 
shape of the bone conduction curve is of definite significance Bone 
conduction testing \vith the audiometer above 1 028 double vibrations 
per second is without significance but if the bone conduction curve 
shows a tendency to drop sharply at this frequency or lower or if ui^re 
IS a drop m the middle frequencies these changes are signific^t <5 
atrophic changes affecting cochlear cells responding to the speech 
quencies Losses above 2(M8 double nbntions which appear to e 
owinr to nerve degeneration wiD not greatly affect the iininedm e 
result to be obtained from opaation but whether the fenestration 
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operation tends to prevent further hearing deterioration of the per- 
ception type IS a debatable question 
As an example of the effect of early cochlear degeneration I would 
state tliat if m a patient with evidence of a combination of clinical 
otosclerosis with atrophic changes in the nerve fibers or of tlie organ 
of Corti the air conduction curve drops sharply above 2,048 double 
vibrations per second and if in tlie speech frequencies the au conduc- 
tion curve IS below the 50 decibel line the patient should be mformed 
that the probabihty of obtaining a worthwhile immediate result 
(restoration of hearing to conversational levels foi at least four 
months) from the fenestration is not more than SO per cent with the 
expectation that in about a third of the cases in which the operation 
is primarily successful, hearmg will drop to the preoperative level 
owing to bony closure of the fenestra It is evident that the good re- 
sults obtained vary directly with the amount of nerve degeneration 
apparently present 

Guild stated that, since the cause of cochlear atrophy m ears with- 
out otosclerosis cannot be established in most cases, it therefore does 
not seem logical to attribute to otosclerosis all the cochlear atrophy 
found in otosclerotic ear In spile of Guild s statement there seems to 
be a more marked mcrease in clinical evidences of such changes 
among patients who have clinical otosclerosis than among people in 
the same age group without clinical otosclerosis On theoretical 
grounds this might be ascribed to cochlear degeneration secondary 
either to immobilization of the perilymph and endolymph or to ehmi 
nabon of the protective funebon of the structures of the middle ear 
against acoustic trauma, particularly the damping effect of the sta 
pedius and tensor tympani muscles If the first hypothesis proves to 
be correct, the fenestrabon procedure might be expected, if success 
ful, to prevent furtlier deleriorabon If the second hypothesis proves 
to be correct, the fenestrabon procedure should render the cochlea 
more vulnerable to acousbc trauma ttian it was before the operabon 
Tliat the fenestrated ear is much more sub;ect to aaditoiy iahgue 
than the normal ear has been observed in certain of my own success 
ful fenestrabons 

The “selected group” of clinical otosclerotic pabents, that is, those 
pabents who have clinical otosclerosis and no evidence of degenera 
bve changes m the organ of Corti, do not make up more than approxi 
mately a third of those pabents diagnosed at the Clmic as having 
climcal otosclerosis I believe that this fact should be remembered, 
when one is considenng statements m regard to results obtainable 
among the "selected group” of otosderobc pabents ^VhlIe pabents not 
m the selected group may properly undergo the fenestrabon pro 
cedme, they should understand that the probability of a successful 
result IS definitely lessened in a degree dependent on the amount of 
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nerve degeneration appirently pres«it and the surgeon should insist 
that the patient share responsibility for the operation 

TKE DIAG^OSIS OF CLINICAL OTOSCLEROSIS 
The diagnosis of clinical Qtosd^osis is one that must be made b) 
exclusion 

Dilferentiation from Perceptive Deafness ~A loss of hearing of 
insidious onset starting between five and forty years of age is in most 
instances the result of histologic otosclerosis, especially when an 
authenticated family history of inherited loss of hearing can be ob- 
tamed However, this is not invinably the case At the Clinic my col 
leagues and I have encountered several instances of an apparently 
inherited deafness starting In childhood or youth, with a definite 
family history embracmg three generations m which findings indi 
cated perceptive deafness to be prwcnt in two of the generafaons In 
such a group careless testing for bone conduction with the tuning 
fork svould be likely to be misleading because of the tendency for 
such persons to conf use the vibratory sense wiUi tlie sense of hearing 
Other conditions which will produce perceptive deafness coming oa 
insidiously m )Quth or early middle We are myxedema or iosvered 
basal metabolic rate withoct myxedema, tubot^pamtis and endo- 
lymphatic hydrops The last two conditions are more difficult for dif 
ferential diagnosis when vertigo has not been produced by the da 
orders than when vertigo is present 
'While theoretically it should be easy to distinguish a conducbon 
deafness from a perceptive type, this is by no means the case espe- 
cially when an overeager patient feels that a fenestration operation 
might help him because he has assured liimself by reading articles 
in the lay press that he has “exactly the kind of deafness that the 
fenestration procedure might help " Sa cases of long standing tubo- 
tympanitis whether on an endocrine or on an allergic basis, orgam 
zabon of the subepithehal exudate seems to take place with pennaneot 
physical narrowing of the tube In many of these instances tuW 
blockage may be merely physiologic and the tubes may inflate with 
out difficulty While theoretically an immediate improvement of bear 
ing following inflation should be obvious m such a case it does not 
always prove simple to demcmstiate itRptOvemsut to the examiners 
complete satisfacbon Following serous otitis media which is often 
associated with tubotympanitis it seems probable that organization 
of exudate in the middle ear may take place, so that the loss of hear 
ing does not present the drop in high tones with decreased bone ^ 
duction characteristic of tubotympanitis but rather presents the cbar 
actenstic findings of conduction deafness 
Differentiation from Other Types of Conduction Deatn*^*“ 
Repeated attacks of subacute catarrhal otitis media may proo“ 
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bands of adhesions particularly involving the round %vindow, wth 
out it being possible to obtain an adequate history from the pabent 
suggesting such involvements This, with the possible exception of 
allergic deafness, is probably the most common source of error m the 
diagnosis of clmical otosclerosis Dullness and retraction of the drum 
may suggest such a cause for loss of hearmg but a drum that appears 
normal is by no means invariably present in cases found at the operat- 
ing table to have definite fixation of the stapes and later on to have 
had an excellent response of hearing to the fenestrabon procedure In 
addition to this there seems to be no particular reason why in a case 
of histologic otosclerosis scarring of the drum and deposit of scar 
tissue m the middle ear should not develop as easily as m a case m 
which histologic otosclerosis is absent It is known tbat many pabents 
who have evidence of previous tnfiammabons in the middle ear have 
perfectly normal hearing in so far as tests are able to demonsbate 
There is no good reason, therefore, why a person for whom a pre- 
sumpbve diagnosis of clinical otosclerosis can be made should be 
refused surgical treatment because of the presence of scarring of the 
tympanic membrane It would not seem proper, however, to classify 
such a person in the “selected group” 

If all other causes of deafness can be ehmmated withm a reason 
able margm of error the condibon may properly be diagnosed as 
clmical otosclerosis ” 


Alethod of Testing,— The pure tone audiometer alone cannot be 
rebed on for making a diHerenbal diagnosis of the type of deficient 
hearing present The pure lone audiometer is a mechanism by which 
what &e pabent cannot hear is tested rather than what he can hear, 
smee the estimation is of the threshold of hearing It has, however, 
some advantages over the speech audiometer, since comprehension of 
speech takes m a much wider field than hearing and the comprehension 
as well as the heanng is hemg tested with such an instrument ns the 
speech audiometer It may be rightfully stated, however, that xvithout 
adequate comprehension bearing abibty is of minor value A useful 
combmation of a speech and pure lone audiometer is already being 
developed and may soon be ready for clmical use In testmg pabents 
postoperabvely it should be kept in mind that conversabonal speech 
IS rarely heard at threshold level Lowy has given expenmental evi 
dence that tone reception following a fenestrabon operation is heard 
better and better above tlireshold level up to the levels of nainful 
loudness This finding has been confirmed by Walsh in tesbnff the 
postoperative heanng of pabents Teshng at threshold with a pure 
fterefore may give a false impression of 
fte benefit that has been derived from the fenestration procedure 
Testing mth a speech audiometer above threshold levels would seem 
to be a more adequate method 
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I do not bebeve that much additional accuracy is to be gamed by 
audiometnc testing m a soundproof room, especially if m testing in a 
quiet room a masking device is used, as it should be, m the opposite 
ear A well fittmg ear piece wiD exclude most of the extraneous noise 
ongmating m an ordinarily quiet room The audiometer is an instni 
ment with a relatively wide margin of error, depending as it does on 
the subjective response of the patient It is probably conservative to 
estimate a margin of error of 5 decibels Therefore even with a sound 
pioofed room httle additional accuracy m determination can be ob- 
tamed. 

Greater accuracy m estimahog the threshold of hearing is obtained 
if the pomt at which the sound is first heard is taken An attempt 
should be made to do the testing as rapidly as possible m order to 
avoid the effect of wavering attention 

In testing bone conduction ^vlth the audiometer, because of the 
defects in the instrument too much attention need not be given to tbe 
decibel level at which the curve lies However, the shape of the curve 
as stated previously, should bear considerable wei^t 

Testing with Tuning Forks —As has been stated previously, the 
estimation of the bone conduction vvith the tuning fork is of great 
unporlance but it must be done with care and the appreciation of the 
fact that patients both consciously and unconsciously mislead the 
examiner m their replies Of the tuning folk tests Lempert's modiflca 
tion of the Schwabach test is Ae most valuable This test is done wiA 
forks of the four frequencies 256 dv, 512 dv 1024 dv and 2WS 
d V with a masking device used in Oie ear opposite to the one testei 
After bemg struck, the fork is held to the ear being tested and as soon 
as the sound is no longer heard by air the fork is placed on the bone 
and the length of time the fork is heard longer by bone than by air 
is estimated To be suitable for feneshation die patient should hear 
the 256 d v fork ten to fifteen seconds longer by bone tlian by air ihe 
512 d V fork five to eight seconds longer by bone than by air and 
the 1,024 d v fork three to five seconds longer by bone than by air 
Although Lempert advised testing with the 2 048 d v fork esbmato? 
bone conduction at this frequency is so difficult that I have 
of doubtful value Lempert expressed the belief that by this memM 
the “auditory reserve” or the capabihfy of the ear to he resti^ei to 
normal hearing is estimated and that if the tested ear falls below these 
values the case becomes increasingly unsuitable for fenestraboa la 
proportion to its failure to meet such a test 

Macfarlan expressed the belief that it is impossible to 
how well a person hears speedi from a frequency audiogram He 3 
vised the use of a speech audiometer and word testing Lempert 
expressed the opinion that hearing ttie spoken voice is the finni 
and that if a pabent with an audiognun showmg the loss of heoimo 
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along the 50 decibel line, and apparently demonstrating good bone 
conduction by forks, cannot hear the spoken voice at a distance of 
more dian 2 feet (61 cm.) such a patient has probably been success- 
ful in misleading the physician in the other tests and actually has a 
perceptive deafness. In other words tlie findings by fork tests, by 
audiometric testing and by testing with the spoken voice must all 
agree before the patient can be considered suitable for the fenestra- 
tion procedme. 

If there is a great discrepancy between the hearing in the two ears 
a caloric test should be done to rule out the effect of labyrinthitis in 
the worse ear. When great discrepancies exist between the two ears 
it is impossible to rule out bone conduction to the belter ear even with 
masking. 

If there is a great variation between the findings \vith the audi- 
ometer and witli tuning forks, provided both tests have been carefully 
done, or if there is marked variafion in tests done on two successive 
occasions, preferably on successive days, the probability is great that 
the patient has perceptive deafness. 

PROBABILITY OF A SUCCESSFUL RESULT OF THE FENESTRATION 
OPERATION 

If in a given case the bone conduction by fork testing is prolonged 
ten to fifteen seconds or more beyond the air conduction in the 512 
d.v. frequency and eight to ten seconds beyond the air conduction in 
the 1,024 d.v. frequency, and the audiometric curve does not show 
evidence of cochlear atrophy and there is no visible evidence of 
deposit of scar tissue in the tympanic membrane and a presumptive 
diagnosis of clinical otosclerosis can be made, the probability of such 
a patient getting an initial restoration of the hearing to a level at 
which he is under no handicap in hearing normal conversation is about 
70 per cent of cases in which operation is performed. This constitutes 
the so-called selected group. It should be remembered tliat about 10 
to 15 per cent of those securing an initial good result ^vill experience 
closure of the fenestra sooner or later. 

If in a given case a presumptive diagnosis of clinical otosclerosis 
is made and the patient meets all criteria for the selected group except 
that evidences of scarring are present in the drum of the ear to be 
operated on, the probability of securing an initial good result may be 
estimated at 60 per cent. 

If in a case of clinical otosclerosis evidence of cochlear degenera- 
tion is found but this does not appear to involve the speech range and 
the loss of hearing nowhere falls below the 50 decibel line, a 50 per 
cent probability of a good result may be fairly esUmated if no other 
unfavorable conditions are present. When evidences of nerve degenera- 
tion are present, however, the probabUity of a reactive labyrinthitis 
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resulting in severe loss of bearing as the result of operation is in 
creased 

If in a case of clinical otosderosis degeneration of the cochlea 
above the speech range seems apparent and the hearing curve is down 
to the 60 decibel level or below, in my opinion a 30 per cent proba 
bihty of an initial good result may be estimated 
If evidence of nerve dcgenerabon appears to involve any of the 
frequencies m the speech range no more than a 15 per cent probabiht) 
of a good initial result should be ofFered 

There w ould seem to be little or no justification for operating if 
the otosclerosis is unilateral, both because such patents are under 
little or no economic disadvantage and because the probabihty of 
error in diagnosis is increased m such a case 
To sum up the fenestration operation may be properly done ui a 
case of progressive conduction deafness with little or no evidence of 
degeneration of cells or fibers of Uife organ of Corh and no evidence 
or history of otitis, providing the patient understands the percentage 
probabilities both of restoration of hearing and of failure to restore 
hearing and also tlie possibility of increased loss of hearing in the ear 
on which operation is performed Except for a small chance of worsen 
ing the hearing by the fenestration operation the patient has lost little 
by the operation e\en if it i$ unsuccessful As Holmgren pointed out, 
e\ en an unsuccessful operation tends to stop the progress of the patho- 
logic process m tlie ear operated on Even if the most conservative 
estimate of good results to be found m the bterature, which is Lem 
perts estimate of 32 per cent contmued restoration to conversational 
hearing among the patients on whom operation was performed $u 
years or more previously, is taken as the best obtainable result, the 
procedure seems well worth while It can be compared favorably in 
its results to those obtainable by the operation for detached retma 
Many surgeons have given more encouraging reports than this but 
no other surgeon than Lempert can report a series of sue year ernes 
For instance 250 fenestration operations have been done at the Cunic 
but, since in none of the cases have more than two years elapsed 
smee the operation, I think reporting of results would be premat^e 
With the adv ance in technic and good end results that will t^e 
fiace wjtb 5o jj)ox\y wndLu^ rm the problem I thiok tha 

we can feel sure that the Lempert fenestration procedure has game 
a permanent position m otologic surgery 
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SKIN GRAFTING SIETHODS AND THEIR INDICATIONS 
Gordov B New and Kenncth D Devine 

When a deformity, defect or diseased area requires some type of 
skin for proper correction, it may be simple to decide how and where 
to obtain that skin On the other band, most of these condihons may 
be corrected by several methods and it is not always easy for the sur 
geon to decide which method to use 

On the face, the final cosmebc appearance to be obtained is the 
decisive factor irv the choice On the hands and feet and about the 
jomts, function is the decisive factor On the torso and extremities, 
the chief aim is to restore comfort by expediting healing The nature 
and location of tlie defect, status of surrounding tissue, availability of 
donor areas, color index and texture of the skin to be grafted, age, sex, 
mental and social status, time factor, financial position and general 
physical condition are important factors and should receive thou^t 
ful consideration before any decision is made In the final ana!>sis 
each case is an individual problem and because a certain procedure 
IS recommended in one case it does not necessarily folloxv that it will 
be the best for all cases that on fost consideration seem to be similar 
Gillies has said, Tt cannot but be admitted that this deasion as to 
the method of treatment is one of the most troublous that can face 
either surgeon or physician Should the ideal be attempted wth coH' 
siderable risk? Should the next best be earned out wlh less nsk? Or 
should an mfenor result be aimed at with hardly any nsk?" 

The surgeon must first decide uhether to use neighboring skin or 
bring It from a distance Bolatmg or sbding flaps, mulbple exasion 
and Z plasbc operahons all wll bring neighboring skm into the area 
m which it IS needed If distant skin is lo be ubhzed then the frw 
graft or pedicle flap is to be used The free graft may be a full thicK 
ness graft, thick split graft, thin split graft or one of the pinch grafb 
The pedicle flap may be tubed or open It may be transferred to the 
defect immediately or the transfer may be delayed The transfer ina) 
be made m a single stage or In multiple stages 

TYPFS OF CRATT 

Grafts from Ad jacent Areas,— Adjacent skin must have good blood 
supply and elasticity These are of prune importance in determining 
the success of any procedure which utilizes skm bordering the defee 
Long continued radiation, acbnodcnnatibs and dense scarring noton 
ously reduce elasticity and vasculanty and may make the bssues so 
firmly adherent that any attempt to use them in teconstrucbve sur 
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gery would be folly Sometimes vTSculwly of neighboring flaps must 
be increased by delaying the transfer This is particularly true if the 
flap IS to be a long one with a narrow pedicle or if the flap is ‘skin 
thm Even a small skin flap may have to be delayed if Uie base is 
scarred or if there will be much rotation or torsion of tlie pedicle 
Elasbcity cannot be increased by delay, hou ev er, and the lack of tins 
one quality might rum the whole procedure by bringing about closure 
under tension 

The proximity of die available neighboring tissue to a natural 
orifice must be considered also If the donor area is too close to an 
eye or nostril the torsion may produce a secondary deformity worse 
than or equally as bad as the first Tins is particularly true if the 
defect IS large In the repair of defects about tlie bps this proximity 
may be a blessing however, because of the case with which it lends 
itself to procedures such as Estlanders operation and its modifica 
tions * 

The size of the defect too is of great importance if a lining or a 
large part of fat is required If the defect is large a turned in lining 
may create a raw area that cannot be covered with adjacent tissue 
tn these instances a free graft or pedicle graft may have to be sutured 
in to cover the lining and its former bed Small defects near the e>e 
or nostril that require a lining may be closed satisfactorily if the 
procedure is carefully planned and executed 
Smith has used neighboring slan to repair almost half of the face 
with good results If adjacent skm can be used without increasing 
the deformity and a good cosmetic and functional result can be ob 
tamed it certainly is the procedure of clioice No doubt it will fur 
nish the best color and texture and hence no tanning tattooing or 
make up will be necessary It has definite limitations however, which 
should not be ignored m an attempt to save tune or money If the 
limitations are not considered time and money may be lost Certain 
cucumstances such as inadequate elasticity, poor blood supply or a 
large defect may make it imperative that sbn from a distant source 
be used If skm from a distant source is to be used, a choice must 
be made between a free graft and a pedicle graft and any decision 
must necessarily depend on the surgeon s predilection and experience 

Free Grafts -The free graft has a large field of usefulness It may 
be used as a permanent or temporary covering after surgical excision 
or incision to correct contractures or ectropions as a substitute for lost 
or congenitally absent mucous membranes to provide linings for flaps 
which need tsvo layers of skin or as a permanent or temporary cover 
mg for granulating surfaces following bums avulsions or chronic 
infections 

rull thclncss Graft -The dissected full Ihicloiess graft taken from 
bcliind the ear or from the upper eyelid is the finest graft available 
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for any small clean surgically excised or incised wound on the face 
that cannot be corrected by using adjacent tissue If the wound fol 
lows the removal of an active malignant neoplasm it is usually best 
to wait at least a year however, before any grafting js done 
If the defect on the face or neck is larger than 4 5 to 5 cm by 25 
to 3 cm it IS best to obtain skin from the supraclavicular region, uiner 
aspect of the arm or, rarely, from the abdomen In women, the first 
two donor areas may cause objectionable scamng The full thiclmess 


Fig 363 ~fl Ectropion of the Itwer lip wilh OiicVened scars of a woman 
iMcnl) fi»e )eai> of ago who was bim«d about the face Uiorav and arms 
teen years before In this type of case we feel tliat if IS best to remove eiccB 
mucous membrane and make a new marg n rather tliaa to attempt to dissect rt 
up and set jt back mside the hp A new \em»Uon margin is made after 
of tile mucous membrane and scar A full thickness skin graft is taken from ma 
of the ear to replace it The color of the skin graft is the same as the rest cf the 
face Pressure for die graft is oblauied b> leaving the ends of the silk 
long and tying them over fine mesh gauze with cotton The teeth are wired to- 
gether and the jiaticnt is fed throu^ a catheter and funnel m order to inunohi"® 
die lip f> The patient just following rctnovat of the sutures The new vennmoR 
margm ma> be noted 

graft from the postauncular region or the upper eyelid gives the most 
neirly perfect matching for color and texture with miaimal scamfl? 
m the donor area, and it should he tiscd when at all possible m 
erence to the supracJavicoIar graft or i graft from die arm 
thickness grafts are used most frequently to correct small contneturw 
and ectropions because of their resistance to postoperative contract^ 
(fig 363 a and b) The excellent match of color makes them suits r 
for the face and their flexibihty and resistance to trauma 3 
sive factor in llieir use about joints h^ds or feet 
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It is said that the full-thickness graft is less likely to take than a 
spht-thickness giaft This has not been so in our experience but we 
have noted that superficial areas of necrosis or deep blisters are occa- 
sionally seen in tlie former tjpe of graft. Tlie full-thickness graft has 
to be 'dissected from the donor area with great care and has to be 
used only in a surgically clean field It is somewbat limited as to si/c, 



Fig 364— fl, b and c. Huge nodular tumor covenng three fourths of the en- 
tire scalp The nodules vaned in diameter from 05 to 2 cm wth hair growing 
between them Clinically the tumor was a neuromole It was impossible for the 
patient to keep the scalp clean The pictures were taken in the operating room 
after the hair had been shaaed 

and allenlion to technical details, such as hemostasis, pressure and 
immobilization, must be great. The donor area must be closed, grafted 
or permitted to close by scar epithelium In addition the postopera- 
tive care of the graft may be prolonged, particularly if jt is of any 
size. These are all definite disadvantages and limitations and it may 
bo necessary or wise to use one of the split grafts tvith which less risk 
IS involved. 
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The full thickness hair bearing graft usually removed from the scalp 
m the mastoid region is used to restore part or all of the eyebrow 



F g 3G5 —0 Ij and c Same case as Ggure 364 It was thought advisable to 
remove the tumor first and replace it with skin grafts and later graft a band of 
hair bearing skin in the region where the hairline would be so that the patiffit 
would have hair to brush back over the grafted area * Due to the extent of the 
tumor the removal of the neuromdle and leplacmg it with a skin graft were 
done m two stages That part of the tumor anterior to a line drawn perpcnuiou 
larly above the ear was removed and replaced with medium thickness shave 
grafts taken from the abdominal wall The postoperative results are shown 
In applying these grafts it is not necessary to use any adhesive preparation 
grafts of the scalp are successful when ordinary methods are used VaseW Jto 
mesh gaunie was used directly over the grafts and pressure was appheci w 
gauze and adhesive A hair bearing flap is being made to make a hairline on 
right side of the forehead so that tfie patient can cover the scalp with her o vn 

quickly, but in our experience a pedicle flap from the temporopa^f*^^ 
region has been used to greater advantage 
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Thick spht Graft -The thick split graft (deep intermediate) has 
more of the good than of the bad features of either the full thickness 
or the thin spht graft (superficial intennediate) An amazmglj large 
thick spht graft con be removed from the abdomen or thigh quickly 
and easily mth the Padgett Hood dermatome or the Blair knife This 
type of graft is more likely to take perfectl) than the full thickness 



Fig 366 -fl A gul «\enl««n >eare ot age \\ho had mailed scamog o£ the 
left side of the forehead upper hp and cheek wth a scarred band m the left 
inner canthus The slan surface was irregular and pitted and resulted from radium 
treatment of an angioma Even when such cosmetics as po^vde^ or paste \sere used 
an uneven surface remamed and looked bad It was thought best to correct this 
deformity by means of thick shaved grafts in order to make a smooth surface so 
the patient could apply cosmebes Tl»e web-shaped scarring in the inner canthus 
was corrected by means of a Z plasbc Skin grafts were remo%ed from the mside 
of the nght leg and after excismg the scar on the left side of the forehead, 
left cheek, left side of the upper hp and parobd region on the left side, grafts 
replaced the raw surface b Six months after the skin graft The patent was able 
to cover die defect wth cosmebes as the surface was perfectly smooth The shght 
white line between the skin graft and the upper bp and cheek could be corrected 
but the patent felt that she was quite happy about the result as it was and did 
not Wish anything further ir ii »i- i ^ 

satisfactory and the defor /ance- 

ment type of procedure ft ^ 

graft m fields which are not entirely clean It has a good resistance to 
contracture postoperative care is shorter and the donor area heals 
rapidly and spontaneously unless infecUnn is present It is well suited 
to repau ol large defects of the face and neck that follow severe bums 
or the excision of xanous congemtal nen (figs 3&4 and 363) The 
matchmg of color and texture is good thou^ not usually as good as 



896 


CORPON B NEAV, KENKCTH D DEVINE 


it IS when a full thickness ^aft is used In women this may be easfl) 
remedied by the use of cosmetics (fig 366 a and h) The thick split 
^aft has practically replaced the full thickness graft m the release of 
contractures of neck, avilla elbows and hands and as hnings for flaps 
that need hvo layers of skin 

One word of caution concerning the «se of thick split grafts on the 
neck If they are used over tlic tliyroid cartilage, a satisfactory teke 
cannot be expected because of movements of the larynx during swal 
lowing If the best possible cosmetic result is wanted it is best to use 
1 flap of some kind for the reconstrucbon 





Fig 567 —This patient who was sevenieen years of age was severely bunie 
by a gasobne fite one month before coming for examination His home pnjsicuo 
liad given him excellent treatment for the third degree bum and had 
\ im to the Clinic for skin grafting The extensive granulating surface lo 
NoUed die entire nghl side of the face chm and neck as well as some of 
cheek can be seen T1 e granulating tissue extended back into the scalp aiw Me 
of the neck The upper and postenor portion of the eat was misiing and 
fourths of ti c remaining portion of the eat had healed back agouwt the scato 
Hot dressmgs were applied on the wound and it was pamted with a solotioo ot 
pheinerol chloride until it was thought to be clean enough for skin grafting 


Thin split Graft —The tlun split graft is easily obtained abo but i 
should be used only for large granulating surfaces where there w 
be structural resistance to contracture, such as is present in the ^ 
thoT IX or back or where contracture would do no harm These pat ^ 
may contract as much as 60 per cent and should be used only as 
tmtigency or temporary cmermgs about the face 
joints They ate used frequently as a temporary covering for the de ec 
left when a scalp or forehead flap has been raised 
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Tlie two most common uses of these grafts are as substitutes for 
congenitTlly absent or lost mucous membranes and as covering for 
large granulating surfaces uhich are infected Tliese grafts are used 
m making a vagina or a cavernous urethra, in correcting cicatricial 
deformity of the larynx, nostrils or external canals of the ear and in 
Ultra oral graftmg 

When the thin split graft is used to replace mucous membranes or 
line a cavity, a stent is used for fixation and immobilization of tlie 
graft Ordinarily an acryhc or vulcanite mold must be worn con 
tmually for four to six montlis before the contractile tendency has dis 



Fig 368— Same case as figure 367 Skin graft m place Skm grafting was 
done a little more than a month after the accident With a Padgett Hood der- 
matome three full drums of skm (120 square Inches 1305 sq cm]) were ob 
tamed for medium thickness skm grafts which were used to co%er the defect 
Tlie grafts were taken from inside the left leg and the thorax and they were su 
hired together Tlie lateral silk sutures were left long enough to tie over fine mesh 
gauze and cotton was used for pressure The patient had a transfusion of 1,000 
co: of blood Ten dais later the dressing was removed and replaced wntK fine 
mesh vaselin gauze The wound was dressed with a solution of phemero] chlonde 
and sulfanilamide powder 

appeared The postoperahve support is of utmost importance when a 
thin split graft is apphed to unsupported soft tissues If a mold or 
obturator were not used postoperative contracture would render the 
procedure useless 

Medium thiclness Graft -As expenence with the use of split grafts 
IS gained and better means of splinbng, hemostasis and pressure are 
obtained, the tendency is to use the medium thickness graft rather 
than the thm-split graft (figs 3(37, 368 and 369) It is likely to be used 
now in the creation of a new vagina or cavernous urethra and as an 
intra oral graft It would seem that eventually the thin split graft will 
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be used only as a temporary covenng for large unclean granulating 
surfaces 

Pinch Graft —The pinch grafts, either the thin (Reverdin) or the 
thicker (Davis) type have a more limited field of use than the other 
grafts They occasionally may be applied to granulating surfaces in 
which larger grafts have been unsuccessful They usually are used 
when patients have been burned severely The general condition of 
these patieilts may be such that prolonged anesthesia for a more ex 
tensive procedure would be contraindicated Available donor areas 



Fig 369— Same case as figures 367 and 363 Face completely healed 
it was necessary to do a plastic at the lower part of the neck anlenoily du® 
a scaned band at this point 


other 

does 

the scamng between the grafts As time passes, these grafts are t>e«' 
used mainly by surgeons who perform grafting operations only 
sionally and are being used less and less by the surgeon trains w 
plastic surgery The results are poor , 

Isograft —Isografts have been used m severely burned patients an 
have been considered life saving because they act as a dressing 
a permanent covering though they have been uniformly unsucces 
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Dermal Graft -The dermal graft is used onl> as a buried free graft 
to restore the normal contour It is parhcuhrly indicated m cases of 
congenital hemiatrophy of the face or in cases in vhich a mmor 
amount of subcutaneous tissue has been lost as a result of some me- 
chanical, phjsical or cheimcal agent We prefer the dermal graft to 
the free fat graft because it is more likely to take ^^lthout liquefaction, 
and postoperative shnnkage is less The dermal graft is not indicated 
when large amounts of deep subcutaneous tissue have been lost In 
such cases, a free-fat graft, pedicle fat graft or diced cartilage graft 
might be more suitable 

Pedicle Grafts —Plastic procedures ublizing neighboring tissues or 
free grafts or a combinabon of the two are adequate for a great num 
ber of defects seen by those active in surgery of repair and reconstruc 
tion However, earl) in the development of this specialt), it became 
evident that some other method of repair was needed for extensive 
defects mvolvmg surface epithehum subcutaneous bssue, epithelial 
lining of vanous cavities and frequently even deeper tissues such as 
bone In such extensive defects, the restoration of function and a good 
cosmebc result depend on the use of a mass of tissue which is at 
tached at some portion of its pcnphery or base by a pedicle tlirou^ 
which it receives its blood supply This mass of tissue which is called 
a pedunculated flap or pedicle graft may be open or tubed 
The open flap technic has been replaced to a great extent by tlie 
Filatof Gillies tube method but it is particularly useful m tliose cases 
in which It IS possible to bed the greater part of the flap into tlie defect 
after a single stage transfer In this way, mmimal subcutaneous tissue 
IS exposed The exposure of subcutaneous tissue, with its attendant loss 
of tissue fluids, excessiv e formation of granulation and scar tissue with 
contraction and generally unclean conditions which is charactenstic 
of the open flap technic makes the open flap undesirable in the mul 
tiple stage transfers 

These factors mduced Filatof and Gdlies workmg mdependently, 
to devise the tubed flap The greatest field of usefulness of the tubed 
flap IS m those cases m which no massive flap is available for transfer 
in a single stage It is frequently used m reparative surgery of the 
extremities When the tubed flap is used large quantities of skin may 
be transferred safely from a distance The tubed flap is extremely 
viable and adapts itself qmckly to change in blood flow when attached 
to an intermediate host Its flexibihty allows it to be twisted and 
turned freely without anxiety as to its survival Its chief disadvantage 
is that It may take considerable time if circumstances are such that 
the jump technic of multiple stage transfer cannot be used 

The pedicle graft may be transferred to the defect immediately or 
transfer to the new bed may be delayed in order to increase its chance 
of survival The decision to delay or not to delay transfer depends on 
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surgical judgment at the tune of operation, and this will depend on 
the surgeon’s eepenence with the operation The pallor in the flap re- 
sulting from deficient arterial supply and the cyanosis caused bj 
venous congestion ate dinger signals which must not be ignored 
The immediate transfer is possible if the flap contains an artery of 
satisfactory size, such as die supra orbital artery in the up-and dowa 
forehead flap or if the flap is short and has a wide pedicle The trans 
fet may be made in one stage when the pedicle flap is long enou^ 
to be brought to the defect by bridging across norm il tissue or uben 
the defect can be brought to the flap as m r^arativ e surgery of the 
extremities 

Delayed transfer is necessary in most tube flaps or large flaps (hat 
do not contain a large artery or well established v enous svstem 
A multiple stage transfer can be performed m tvvo ways First the 
pedicle graft is tubed and tlien after from one to three months one 
end of the tube is detached and advanced as far as it will go toward 
the defect and sutured into a prepared recipient area After another 
period of waiting usually two wechs, the opposite end is detached 
and advanced tow ard the defect To insure a good blood siipplv from 
the end moved first it is advisable partially to cut across the pedicle 
and suture it bach in its position for seven to ten days before com 
pletely detaching the tube and advancing it The second type of mul 
tiple stage transfer is called the “jump flap” method Here the wnst 
or hand is used as a carrier or intermediate host so tlut the pedicle 
flap can be brought to tlie defect 
in many instances a pedicle graft is necessary because of the need 
for a lining m the restoration A lining may be created m four wavs, 
namely, (1) by turning m a flap of adjoining slan (2) by invertB® 
a free gr^t under one end of the pedicle graft (S) by folding 
or Side of the flap on itself or (4) by utilizing both sides of a tubw 
graft 

Scalp and rorehead Ffaps— HiirbeoriDg scalp flaps ore usea pn 
manly to reconstruct lost portions of the scalp so that a normal bair 
hne can be created anteriorly or laterally as reported by New am 
Ench , 

The forehead flaps were devised for reconstruction of the no^e 
upper half of the face beennsfe of the excellent matching of colaraco 
te:«hire A quick and satisfactory reconstruction of defects of 
and upper half of the face can be performed but these flaps produce 
visible scars on the forehead and leave one of the most prorauw’® 
parts of the forehead that has to be cov ered u itb a free ^ w 
To eliminate as much of tlie visible scarring as possible and at 
some time to produce the best cosmetic result m the leconsfruchnn 
die nose or upper half of the face, the sickle flap has been used a 
Clinic* for some tune This is a combination scalp and forehead P 
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utilizing the bay of skin just lateral to the midline and just below the 
hairline on the forehead This area of skin is ideal for reconstmc 
tion of half a nose, an ala or a tip Hoavever, it may be used for almost 
any defect involving the upper half of the face 
Cervical Flaps —We have found that the small cervical tube 0ap is 
especially useful in reconstnichon of ears, particularly the heha (figs 
370, 371 and 372) It may be used also for some defects on the lower 
half of the face in men, sudi as losses of the upper lip Straith has 
advocated its use for the reconstruction of part of the nose For this 



Fig S72— Same case as figures 370 and 371 The slan graft on the masto 
region and region above and behind the ear, as well as the graft on the posten 
part of the cartilage of the ear may be not^ The small tube flap that was usi 
to reconstruct the helix and posterior part of the ear and lobule can be seen 

defect^ the skin front hehmd the ear ls mchtded m the cervical fla 
and is utilized m the reconstruction The cervical flap usually has sui 
cient length to reach from donor area to defect when used for the eai 
nose or lower half of the face Consequently, less tune is required 
reconstruct defects m these areas with a cervical tube flap than \vi 
tubes or flaps from other portions of the body that have to be delays 
many times or need an intermediate host or carrier On the oth 
hand, the cervical tube flap may not offer enough tissue for the reco 
struebon and the scar on the neck is objectionable 
Clavicular, Thoracic and Thoraco epigastric Flaps —The chief re 
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son for employing clavicular, thoncic or thoraco epigastric flaps is 
that tliey offer more tissue for the repair of certain defects in the face 



Fig 373 -0 and b The replacement of tissue m which actinodermatitis and 
ulceration resulted from the roentgen treatment of tuberculous glands of the neck 
A pedicle tube flap from the left thoraco epigastric region was used and it was 
moved to the neck by way of the back The simpler plan of treatment of this 
type of condition is to excise the acUnodermalibs and replace it with a fauly 
duck shaved graft This makes a replacement that is quite ihm and is as a rule 
satisfactory except that the graft nearly always breaks down m the mldlme of 
the neck over the thyroid cartilage because of movement of this part of the neck 
Making and moving a pedicle flap takes longer but produces a better result The 
flap however must be thmned out as it is pul in place otherwise it is thicker 
than the normal skm in this region In this case the patient a woman forty three 
years of age had marked aclmodermaUUs which broke down and was potenh 
ally mabgnant A thoraco epigastric tube flap about 20^2 by 8 89 cm was raised 
and tubed at the first operation Later the distal end of the flap was partially cut 
o5 and then ten days later the distal end xvas excised completely and moved up 
on the back Following this procedure the flap was attached to the left side of 
the neck after excision of the tissue in which actmodermabbs was present Ac- 
tmodermabbs xvith ulcerabon was found microscopically The flap was moved to 
the right side of the neck and completely covered the denuded surface After it 
was earned to the nght side of the neck the intervening tube was smoothed out 
Excision of the margms of the flap would further smooUi it out and improve the 


and neck than other grafts do The clavicular flap should be con 
structed if possible, so that the slon near the stemoclavicul'ir junction 
may be used in the reconstruction The tissue in this region matches 
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the face well and the cosmetic result is good In women the scanring 
in the clavicular area is usually undesirable If more tissue than could 
be provided with the clavicular flap is needed a thoracic or thoraco- 
epigastric tube may be employed The thoracic tube provides a large 
roll of tissue and if devised so that skm near the claiicle is used in 
the reconstruction a satisfactory matching of color will be obtained 
on the face Tlie construction of such a tube distorts the female breast 
In most women then who ha\e defects on tlie face or ned. that re 
quire a large amount of skm or subcutaneous tissue for the reconstruc 
tion It IS best to utiliae a tube raised somewhere between the a\iEi 
and the inguinal region 

The extremely long thonco epigastric tube as described by Webster 
can be transferred to the defect in a single stage but it is likely to 
slough in the center if it is not raised m two stages We employ a 
shorter subaxillary tube which has to be migrated or jumped to a 
defect on the face or neck (6g 373 a and b) It is safer and it does 
not tnke much more time to accomplish the final repair than a long 
thoraco epigastric flap does It is well to point out tliat the construc- 
tion of any tube when the patient is obese may be a hazardous pro 
cedure It is best to make tlie tube shorter and wider than usual and 
if necessary to raise or tube it m stages 

Abdominal Flaps— The short abdominal tube attached to the wist 
IS used when i large flap of skm and subcutaneous fat without a lining 
IS to be transferred to a defect on the face or neck in the shortest 
possible time Cosmetic results at best ate none too good and may he 
poorer if any slouglung occurs 

Bro%vn has pointed out recently tint the large apron or doorhke flap 
raised from the abdomen or flank is indicated for grafting on the arm 
forearm and hands when bone and tendons are exposed after bums 
infections or injuries that have produced excessively fibrotic wounds 
with diminished blood supply so that the surface epithelium is un 
stable or absent and over which a free graft would not survive If th® 
need for tissue is not too great a pedicle flap containing the super 
ficial epigastric artery and vein as advocated by Shaw may be trans 
ferred immediately to such defects on the hand or wrist 

Flaps from Arms— Pedicle grafts utilizing skm of the arm for tola 
or partial rhinoplasty should be used only when no skm is asailable on 
tlie forehead Skm obtained in this manner poorly matches the rest o 
the face and sloughing of important parts of the flap is a strong possi 
bihty , 

Flaps from —Tubed or open leg flaps ire indicated for 
opposite thigh le^ or foot and ankle for the same reason that ^ 
apron or doorhke abdominal flaps are indicated for the arm for^ 
and hand These reasons base been outlined in the discussion of a 
dommal flaps 
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On the heel or sole of the foot the addition'll fictor of weight 
bearing must be considered Free grafts often fail to correct defects 
m these situations It is frequently necessary to use a pedicle gr'ift to 
furnish a good pad of subcutaneous fat 
Flaps from the Back —Pedicle flaps raised from the back ore indi 
cated rarely The skin is coarse and fliick and tends to be yellow 
around the face or neck Sometimes m severely burned patients, the 
abdomen or thorax may not ha\e suitable skin for grafting purposes 
A flap from the back may be necessary then but its use as an optional 
procedure is not recommended 
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SOME TECUMCAL ASPECTS OF SURGERY OF THE 
TinROJD GLAND 

John deJ Pembekton and B Mabden Black 

The operation of subtotal thyroidectom) , as earned out at the Mayo 
Clinic, has remained substantially unchanged over the past twenty 
five to thirty years The basic principles of the operation as listed by 
one of us iPemberton®) more than twenty years ago are as follows 
(1) the removal of sufficient thyroid tissue, (2) the preservation of 
thyTOid tissue to maintain adequate function, (3) the control of bleed 
mg (hemostasis) and (4) the avoidance of sepsis and injury to neigh 
boring structures 

While these principles are probably generally acceptable, there u 
some controversy as to the amount of thyroid tissue which should be 
preserved, particularly in operations for exophthalmic goiter, and 
there is also some ddFercnce of opinion as to how best to prevent 
damage to siinonnding structures notably to the reciinent nerves 

THE AMOU^T OF TIlVItOlD TISSUE TO BE REMOVED 

In the case of the disease, exophthalmic goiter, experience has dm 
onstrated that remissions of the disease can be produced by the te 
moval of 63 to 85 pet cent of the thyroid gland, that the basal met 
abolic rate will fall to normal levels ivithin about two weeks folioNsm? 
the operation and that m only a small proportion of the cases iviU 
recurrence of the disease develop In short, while it would seem dis 
advantageous to preserve diseased tissue m either side equal to a 
sixth to 1 quarter of a normal sized lobe, we believe that, by such an 
operation there will be comj ’’ 

albeit in some cases for a vary 
thalmic goiter, on this basis, is 

forces which caused the original disease Its development, almost m 
variably is assoaated with gross hypertrophy of Uie thyroid 
which M as left behind at the original operation In view of the maikea 
regenerative capacity of thyroid tissue, it seems improbable to us tha 
recurrences could be prev«ited by more radical thyroidectom), pro* 
vided that sufficient thyroid tissue were left behind to supply 
mal needs of the patient The objections to extremely radical subto 
thyroidectomy are that there is greater chance of injuring the recur 
rent nerves, more chance of removmg parathyroids, and myxedema js 
more likelj to develop than uith more conservative resections 
need not be emphasized that the resection must be sufficiently raoica 
to induce a remission of the disease, and it follows that persisten 
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exophthalmic goiter, m contradistinction to recurrent exophthalmic 
goiter, IS due to inadequate resection and the consequent preservation 
of too much thyroid tissue 

Smce the principal objechae of the operation for adenomatous 
goiter is the removal of all the encapsulated and partially encap 
sulated npdules, it follows that the amount of tissue that is preserved 
vanes greatly, depending in large measure on the amount of thyroid 
gland free of nodules Thus, if the nodule or nodules are confined to 
one lobe, the operation may be limited to the resection of the involved 
lobe unless it seems advisable to resect the second lobe for cosmetic 
reasons whereas in cases of multiple adenomatous goiter m which 
both lobes are involved, the resection of all the nodules may result in 
the removal of all but a small remnant usually consisting of the pos 
teromedial portion of each lobe We should like to emphasize again 
that both lobes of the th>TOid should be elevated and exposed at 
operation m virtually all cases of adenomatous goiter in order to de 
termine that substemal and retrolracheal projections, which were not 
evident cUnically, are not present Such projections are overlooked fre 
quently and may necessitate a second operation 

A^OIDANCE or INJURY TO TIIE RECURRENT ^ER^TS 
Injury to one recurrent nerve, with consequent paralysis of the cor 
responding vocal cord, is, as a rule, not followed by permanent serious 
consequences The patient usually has some transient hoarseness but 
the airway usually remams adequate and unless the voice is used 
professionally or for long penods the paralysis commonly does not 
produce permanent noticeable change in the speaking voice Injury to 
the recurrent nerves on both sides, wifli resulting bilateral paralysis 
in marked contrast is a catastrophe which may cost the patients life 
and, at best, will be followed by extremely serious symptoms Ob 
struclive dyspnea develops, either immediately or over a period of 
three to six months In the former case, tracheotomy is usually neces 
sary as an emergency procedure, while in the latter case, the impair 
ment of the airway becomes so marked that either the patient’s activi 
ties must be most limited, or tracheotomy must be performed Pneu 
monia is to be expected following bilateral injuries to the recurrent 
nerves because of impaired cough anoxemia and the aspiration which 
may result from defective swallowing While a satisfactory operative 
procedure is available to restore the airway (King^), the resiJts as 
to both airway and \ oice are not perfect 
The traditional measures to prevent bilateral injuries to the recur 
rent nerves are Uvofold 1 The regions traversed by the nerves are 
avoided by preserving the medial and posteromedial segments of the 
lobes 2 The resection on one side is completed and the integnty of 
the nerve on this side is venfied before the dissection of tlie opposite 
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Side IS started To test for the integrity of the nene the patient must 
be awakened foUowinj, resection of the first lobe and this imphes that 
the anesthesia must be sufficiently light to permit this The combuia 
tion of local field block with procaine hydrochloride and light general 
'inesthesia with nitrous oxide and oxygen has been found satisfactorj 
Should the nerve be injured the resulting paraljsis of the vocal cord 
can be detected by changes m the voice and the character of the 
cough Since the tests are applied after each lobe has been resected 
it is known witli certainty whether the injury If present afiects the 
nght or the left recurrent ner\c and the injured nerve may be dis 
sected out without fear of injuring the intact nerve If the nerve has 
been injured by tension pressure or its inclusion m a tie function 
can he expected to return if the tic is removed If the tie is allowed 
to remain around the nerve the injury will be permanent’ If the 
nerve is injured during the resection of the first lobe the operation 
may be terminated after die complete dissection of the nerv e as il 
traverses the operative field ntid after making tlie necessary repair 
Resection of the second lobe is postponed for several months to allow 
time for the nerve to regain its function 

Lahev* in 1938 reported that the number of injuries to the recurrent 
nerves had been reduced miternlly by the adoption of a different 
method to protect the nerves He suggested that by exposing the 
nerves near the inferior pole and b> palpating the infenot horn of 
the thyioiil cartilage just posteriorly to which the nerves enter the 
larynx tlie course of the nerves could be estimated with some exact 
ness Although exposure of the nerves near the mfenor pole of the 
diyroid does not present any particular difficulties we have not 
adopted the method as a routine procedure but prefer to avoid the 
enbre region as previously outlin^ 

It IS probably redundant to point out that a thorough knowledge of 
the position of the recurrent nerves and their possible variations vn'l 
go far to prevent their injury and with this in mmd a bnef levaew 
of the anatomic relations of these nerves m the neck follows 

The recurrent nerves differ m their relationships in the two sides of 
the neck The right nerve after passing around the subclavian artery 
courses proximally and medially well lateral to the tracheo esophageal 
groove II does not reach the side of the trachea until it approiwcs 
die adherent zone and at the level of the clavicle maj be as much as 
1 cm lateral to the trachea The left nerve passes medially as it 
arches around the aorta and courses upward in the neck deep within 
the tracheo esophageal groove Either nerve may pass posteriorly an 
tenotly or between the brandies of the inferior thyroid artery ana 
the frequency with which the nerve follows each course differs cn 
the two sides 

On the nght side the nerve is likely to be more anterior than on 
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Ihe left a point of considerable surgical importance Berlin^ found, m 
a senes of seventy dissections on cadaacrs of 140 inferior laryngeal 
nerves that the riglit nerve coursed posteriorly to the inferior thyroid 
artery in 44 per cent of the cases anteriorly to the artery in 40 per 
cent and between the branches m 16 per cent Tlie left ner\e passed 
posteriorly to the artery in 63 per cent of the cases anteriorly to the 
artery in 24 per cent and between the terminal branches m 13 per 
cent As the ner\e continues proiimally it may pass posteriorly to 
the adherent zone through the adherent zone or may arch up into 
the thyroid tissue At this level again the nerve tends to be more 
anterior on the nglit than on the left side Berlin found tliat on the 
right side the nerve arched up to pass through thyroid tissue m 13 
per cent of cases coursed tlirough the adherent zone m 27 per cent 
of cases and passed proximally m tlie tracheo esophageal groove in 
60 per cent On the left side the nerve arched up through tliyroid 
tissue in 7 per cent passed through the adherent zone in 23 per cent 
and ran in the tracheo esophageal groove in 70 per cent of cases The 
nerve may divide before it enters the larynx and the two divisions 
may pursue somewhat different courses proximally in relation to the 
adherent zone and artery Rarely the nerve on the right side may 
originate from the vagus m the neck and pass medially to reach the 
adherent zone ^ 

When the lobe of the thyaoid is elevated and rotated the recurrent 
nerve is dislocated from its deep position in those cases in which it 
courses anteriorly to or between the branches of the inferior tliyroid 
artery (right 56 per cent of cases left 37 per cent of cases) In the 
remaining cases the nerve does not follow the lobe and hence remains 
largely out of harms way While the nerve may be traumatized at 
any point in its course through the operative field it is more exposed 
to injury in two places than elsewhere I Distal to the adherent zone 
and the point where the infenor thyroid artery reaches the lobe the 
lobe IS not attached to the trachea Excessive mobilization of this part 
of the lobe may carry the nerve antenorly mto the plane where 
hemostats are applied m those cases in which the nerve courses an 
tenorly to or between the branches of the infenor thyroid artery 
(right 56 per cent of cases left 37 per cent of cases) 2 In those 
cases in which the nerve passes through the adherent zone or actually 
throu^ thyroid tissue (nght 40 per cent of cases left 30 per cent 
of casts) it may be caught as clamps are applied to the medial side 
of the lobe This portion of the lobe is abundantly supphed by arterial 
branches from the inferior thyroid artery which course from behind 
forward and attempts to catch an escaped bleeding vessel m the re 
Rion by deeper clamping may eventuate in injury to the nerve To 
stop such bleeding ,t is wiser by far to Iigato the mam trunk of the 
intcnor thvTOid artery before it has reached the lobe 
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In spite of the more protected position of the left nerve it is in 
jured probably more frequently than the right, partly because of the 
fact that a n^t handed surgeon stands on the patient s right and has 
a more limited view of the posteromedial surfaces of the left lobe 
than of the right and partly b^use of overmobihzation and rotation 
of the left lobe Tins is made possible by the loss of the outrigger 
effect of the tight lobe, which is commonly resected first, limiting iota 
tion of the trachea 

OPERATIVE TECItNIC 

The operation can be best described in connection with the lUus 
txations Local field block anesthesia using 0 5 per cent solution of 
procaine hydrochloride, combined with light general anesthesia using 
nitrous oxide and oxygen is employed The general anesthesia usually 



Fig S74— The inset Jlustiates the position length and cune of the incision 
In the mam part of the figure tl»e upper flap is being raised in a cleavage 
just superficial to the first layer of the deep cemcal fascia 

is required only during resection of the first lobe Preoperabve medi 
cation is limited to V/_ grams (0 1 gm ) of pentobarbital sodium 
orally about one hour prior to op»alion and Vi gram (0016 grn / ft 
morphine sulfate given hypodeniucally just before the patient 
to the operating room Deep sedation is avoided preoperatively ^ 
cause of the necessity of secutmg the patient s co operation to test ‘O 
the mtegrity of the recurrent nerves 
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The incision (fig. 374) is made approximately 2 cm. above the 
sternal ends of tlie clavicles, tlie actual position depending somewhat 
on the length of the neck and the relative position of the goiter. With 
the neck moderately extended, the incision should be almost hori- 
zontal because of the tenting of the skin in the midline by the chin. 
When the chin is lowered the incision will assume a gentle curve 
with the convexity downward. The position and shape of the incision 
may be traced on tlie skin, using a string of beads as a guide. If the 
incision overlies the sternoclavicular articulations, the scar will tend 
to widen. If the incision is too high it cannot be concealed by a collar 
or beads. Incisions which are too curved leave an unsightly scar and 
curved incisions with the convexity upward are entirely unsatisfactory. 
The length of the incision will vary somewhat with the size of the 
neck and the size of the goiter but, generally speaking, it need not be 
longer than the distance from the top of the thyroid cartilage to the 
sternum. 

The incision (fig. 374) is deepened through the platysma muscle 
and the upper flap is raised by combined blunt and sharp dissection. 
The proper cleavage plane lies just anterior to the first layer of the 
deep cervical fascia and is readily found if traction is made anteriorly 
and upward by an assistant. The upper flap is raised to just above 
the level of the notch of the thyroid cartilage. The lower flap is raised 
only sufficiently to afford engagement of a self-retaining retractor of 
the Beckman type. Deeper flaps, which include the anterior layer of 
the deep cervical fascia, may be raised but this necessitates division 
of the anterior jugular system of veins and the dissection involves 
more loss of blood than with the more superficial flaps. After the flaps 
have been raised, skin towels are applied to the edges of the incision 
and the self-retaining retractor is inserted. General anesthesia is 
induced. 

The deep cervical fascia is incised in the midline from the notch 
of the thyroid cartilage to the sternum (fig, 375). DUtally the deep 
cervical fascia divides into two lamina which attach to the anterior 
and posterior surfaces of the sternum, respectively, and enclose a 
space through which horizontal veins course between the anterior 
jugular veins of the two sides. If it is necessary to cut these veins the 
ends should be secured by stick ties. Greater exposure can be ob- 
tained if the space between the sternohyoid and the sternothyroid 
muscles on each side is opened up, usually by a sweep of the finger. 
The thyroid gland is grasped by forceps and elevation and exposure 
of the lobe is started (figs. 376 and 377). It has been our experience 
that forceps of the Ochsner type are more satisfactory than the many 
spedal grasping forceps which have been devised. ParHcularly with 
friable thyroids the capsule is the strongest part of the lobe and for- 
ceps of the Ochsner type can secure a broad bile of capsule when 



912 


JOHN DE J PEMBERTON D MABDEN BLACK 


one blade is thrust well along the lobe just beneath the capsule Mul 
tjple forceps may be so inserted and a secure hold on the lobe maj 
be obtained without fragmenting it 
The lobe is rotated medially as it is being elevated while counter 
traction is being made on the prethyroid muscles The proper clea\ 
age plane is readily found in jinmary cases We do not as a rule 
divide the sternohyoid muscles although the muscles may be divided 
without fear of producing any deformity in the contour of the neck 
If the muscles are divided the dnision should be made between 



Fig 375 — T1 e deep fascia ) as been incised in tl e m dl ne from the level 
the laryngeal prominence to the sternum The space between tl e sternohyoid and 
the sternothyroid muscles on either side his been opened up 

clamps m the upper third of the muscle so as to avoid injury to Aeir 
nerve supply nnd the cut ends of the muscles should be resutured at 
the completion of the operation The cut ends of the anterior ju^ar 
veins should be carefully secured by the stick ties if the muscle is 
divided - 

The middle thyroid vein or not infrequently multiple branches o 
it are encountered toward the lateril and posterior margin of ^ 
lobe The vein is carefully isolated and divided between clamps {eg 
376) The clamps are replaced promptly by ties Should 
th^oid vein be torn or avulsed the jugular it is usually dimim 
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to secure it at this stage oE the operation because of limited exposure. 
The insertion of a gauze pack will control tlie bleeding and definitive 
control of the bleeding may be postponed until the lobe has been re- 
sected and more ample exposure secured. Tlie lobe is readily exposed 
completely and elevated out of its bed following division of the vein. 

The superior pole is exposed by doxvnward traction on tlie lobe 
(fig. 377) and the superior thyroid vessels are doubly clamped just 
above tlie pole. Hie exposure should be sufficient to insure that no 
thyroid tissue is left above the clamps because of the possibihty of 
die tissue subsequently undergoing hypertrophy and producing a 



Fig 976 —The thyroid ^and is being mobilized^ tlie Ochsner hemostat being used 
to grasp the capsule. The middle thyroid \em has been ligated. 

rather unsightly lump beneath llic skin of the neck. Adenomatous tis- 
sue occasionally projects well above the junction of the superior thy- 
roid vessels and tlie lobe and when such tissue lies posterior to the 
\’essels it is easily overlooked. Such tissue must be well mobilized and 
adequately resected. Downward traction on the lobe with die index 
finger of the surgeon grasping the lobe from behind xvill aid mate- 
^ rially. The suspensory ligament and isthmus are successively clamped 
f and divided Several bites may be necessary to divide the isthmus 

- satisfactorily. The isthmus should be divided completely and no thy- 

? roid tissue is left anterior to the trachea across the midline 
( 
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The actual resection of the lobe is started from the tracheal w 
medial side of the lobe and contmued laterally (fig 378) The proper 


saved than parenchyma and the resection ts never earned postenorly 
into the adherent 2 one The resection of the Jobe is started by the 
application of a row of clamps to the medial side of the lobe in a 


Su-spenaory 



been clamped 

frontal plane passing through Uie anterior wall of tlie trachea "nus 
line of resection is continu^ for about 0 5 cm to clear the bulge o 
the wall of the trachea This first row of clamps serves t\vo importaa 
functions other than that of hemostasis (1) tliey dehneate the an 
tenor margin of the adherent 2 one and (2) Uie tissue that they 
will act subsequently to afford anchorage for sutures applied to wf*" 
Irol oozmg, by appro\iraatmg the posterolateral capsule to the tra 
chea The resection is continued posterolaterall), tlie gland being 55^ 
tioned ^ter clamping until the posterolateral portion of the cap 


''Is't'h'mu-S/ / 



/ 


Fig 378 -The actual resection of llie lobe has been started from the medial 
or tracheal side The surgeons left hand keeps the lobe elevated and controls 
bleeding 



Fig 379 —The inset shows the proper line of reseebon In the mam part of 
the figure the lobe has been resected and the superior thyroid vessels are bemg 
hgaled 
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xs approached During tlie resection the lobe is elevated by tie sur 
geon s left mdet finger so that the clamps need not be applied farther 
posteriorly than a frontal plane passmg through the anterior wall of 
the trachea Oozing of blo^ is also controlled by pressure of the fin 
ger from below Three or four clamps are applied to the posterolaten! 
portion of the capsule about 05 to IS cm above the line of the 
resection thus saving more capsule than parenchyma and the resec- 
tion is completed (fig 379) All the forceps attached to the renmant 
of the lobe are replaced by tlie ties stick ties being used when neces 
sary 



Fij 380 -Besection has been completed on both sides and the postered s! 
portion of the capsule is being sutured to the bssue which was preserved aiM's 
side the trachea 

It is apparent that the resected region will be wedge shaped 
ing thyroid tissue preserved alxne the recurrent nerve medially 3°" 
above both ner\ e and parathyroid glands laterally The medial an 
lateral surfaces of the remnant are approximated and the remna”^ y 
sutured to the trachea employing the tissue which was 
mally along the anterior border of the adherent zone (fig SSO) * ® 
needle should never be introduced more postenorly than the 
plane passmg through the anterior wall of the trachea because of 
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possibility of picking up the recurrent nerv’C. In practice, we usually 
leave the second tie on the superior pole long and employ the long 
end as the suture. The suture is carried distally along the lobe as a 
continuous mattress suture, locked around the inferior pole and re- 
turned as a locking suture, the needle being inserted just posteriorly 
to the prerious sutures. In our opinion, this suture has considerable 
importance. It not only controls oozing from the remnant but fixes the 
remnant to the trachea so that it will not be availsed by SNvallouang 
movements. 

General anestliesia is discontinued and tlie patient is awakened 
before any dissection is started on tlie second lobe. If the ner\’e has 
been injured, with resulting paralysis of the corresponding vocal cord, 
there is usually a definite change of the patient’s voice. However, 
change of voice may be confusing because of lack of co-operation on 
the patient’s part, mucus, removal of artificial dentures or like causes. 
More definite is the impairment of the patient’s cough which follows 
recent injiuy of the recurrent nerve. The paralyzed cord cannot be 
tensely adducted and hence inlrathoracic pressure cannot be volun- 
tarily increased to produce an e.xplosive cough. If the patient can 
cou^ explosively, it is proof that a recent paralysis of the vocal cord 
is not present. 'The test is invah’d for old injuries of the recurrent ne^^'e 
since the paralyzed cord becomes fixed in the midline and loses its 
fiaccidit}’. 

If the nerve has been injured, it is dissected out in its course 
through the operative field, for the puipose of freeing it from ties. 
The operation is usually terminated with dissection of the ner\’e and 
the removal of the second lobe is postponed for three months to per- 
mit return of function to the nerve. 

If the nerve has not been injured, the second lobe is resected in the 
same manner as the first side. General anesthesia is usually not neces- 
sary during the resection of the second lobe. Care should be e.xercised 
that the lateral wall of the trachea on the second side is not inadvert- 
ently e.xposed, and that the resection on the second side is not too 
radical. The pyramidal lobe, if present, should be removed com- 
pletely. This is done conveniently while waiting for the patient to 
awaken after resection of the first lobe. 

If after the resection of both lobes and after all bleeding has been 
controlled by ties or suturing there exists any doubt in the mind of the 
surgeon regarding the adequacy of the hemostasis-either because of 
the vascularity of tlie gland or because of the need of mass-sutures to 
control bleeding-then one or both inferior thjToid arteries are ligated 
at a point proximal to their entrance into the gland (fig. 381). Eroeri- 
ence with many thousands of cases has proved that this procedure has 
greatly reduced the incidence of postoperative bleeding and that its 
emplo>'ment is not frauglit vnth danger of producing inadequate blood 
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supply to the parathyroid glands or to the remnant of the thyroid, 
provided the operation is carried out in the manner descnbed previ 
ously, whereby the preserved remnant of the thyroid gland is not de 
tached from the lateral wall of the trachea so that its collateral cn 
culation supplied by the vessels from the trachea is not destroyed In 
OUT practice, the inferior thyroid artery is ligated on one or bofli sides 
m possibly 90 per cent of oases as an added precaution against sec 
ondary hemorrhage The exact position of the artery can be deter 
mined usually from inspection and palpation It rises to various heights 
m the neck passes behind the carotid artery and runs downward and 
mesially to reach the posteromedial border of the lobe near the Ju^^ 
tion of the inferior and middle thirds Its exposure will be facilitated 



Fig 381 —The inferior thyroid artery has been ligated well laterally 

if medial traction is made on the remnant and if the carotid arte^ is 
displaced laterally The ligation is more easily done after the 0 2 
has been resected than before but frequently it is possible to hga e 
the artery before the resection is started In the latter case fhere w 
be far less oozmg during the resection than if ligation is deferre 
until after resection 

The closure of the mcision needs little comment We employ 012 ®^ 
age routmely, leaving a Penrose dram extending to each remnant, m 
brmgmg both drams out together, near one end of the mcision I g 
382) The drams are brou^t out between the sternohyoid 
cleidomastoid muscles and not through the midhne, m an efio 
avoid adhesions between the skm and the trachea \Ve see no 
valid reason why drainage should not be used foUowong 
ectomy If the drams are removed xvithin forty eight hours an 
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they are not brought out througli slab wounds through the slan, the> 
do not impair the scar m any uay The use of drains not only permits 
the escape of any serum which may collect in the operative field but 
also permits early and easy diagnosis of postoperatii e bleeding, usu- 
ally before enough blood has collected to produce serious symptoms 
due to pressure 



Fig 382 —Steps in tlie closure of llic incision The fascial layer has been 
closed in the midhne and the drains have been brought out through the incision 
well laterally 
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COMPLICATIONS AND TREATMENT OF RRONCIIIAL 
ADENOMAS 


O Tiikbon Cuacht am> John H Payni, 

BRosaiiAL adenoma is one of the most interesting of pulmonary 
tumors At the present time there is still some controversy about these 
tumors, particularly wth regard to their origin, malignancy or benig 
nancy and treatment It is generally agreed that bronchial adenomas 
constitute a definite pithologic and clinical entity, however, and that 
It is not the tumors hut the complications that result from them that 
present the greatest hazard to the patient 

GENEhM CONSIDERATIONS 

Several hypotheses about the origin of bronchial adenomas has'e 
been made, but Graham and WomaeV. have presented the most hkely 
explanation They were of the opinion that these tumors occur when 
the bronchial buds fail to develop into the orderly arrangement of hs 
sues regtrded as normal According to their hypothesis when the 
mesodermal elements predominate, chondromas, osteomas, lipomas or 
fibromas result and when the cnlodermal elements ore dominant, bron 
dual adenomas occur Bronchial adenomas occur only m the maifl 
stem bronchi On bronchosoopic examination tliey usually can be vis 
inlized and a specimen of the lesion can be taken for biopsy 
Microscopic Appearance.— Tlie microscopic appearance of thesr 
tumors IS characterized by closely picked, cuboid and columnar cells 
with small darkly staining round or oval nuclei m which mitosn is 
rarely seen These cells are arranged in two or more layers betvveea 
which spaces of varying size are found The stroma is aascular ana 
often edematous 

IS... ■ , •. .. 


bronchial portion of the tumor js much larger than tliat portion lym? 
wilhfn the bronchus It is impossible for the bronchoscopist to deter 
mine the size of the tumor Ulceration of the tumor is rare 
Sex and Age Jnculence— It is interesting that about 60 to 80 per 
cent of bronchial adenomas occur in women whereas about 
cent of bronchogenic carcinomas occur in men, and that bronchia 
adenomas usually develop m patients less than forty years of 
whereas carcinoma of the lung usually occurs m patients more than 
forty years of age 
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Symptoms.— The clinical history varies considerably but, since 
these are slowly growing lesions, they often develop gradually over 
a period of years. Cough and hemoptysis are frequent symptoms and 
severe hemorrhages due to the vascularity of these tumors occur occa- 
sionally. Cough productive of considerable sputum is common and 
often a history of recurrent episodes of pneumonia and pleurisy is 
given. 

The symptoms resulting from bronchial adenoma are due largely to 
die bronchial obstruction caused by the tumor. If little obstruction 
IS present, symptoms are minimal. As the tumor enlarges bronchial ob- 
struction with atelectasis of tlie lung distal to the tumor and pulmo- 



Fig. 383 —The thorax showing no abnormality. 

nar>‘ suppuration xvith retention of infected secretion in the bronchi 
develops. The severity of these conditions may increase and actual 
necrosis of the lung and empyema may result. Even if the obstructing 
tumor is removed by bronchoscopic means often a permanent residue 
of pulmonary damage and bronchiectasis remains. 

Roentgenologic Examinalion.-The usual roentgenographie evi- 
dence of bronchial adenoma is collapse of the entire lung if the main 
bronchus is obstructed, or of a lobe if the tumor is distal to the main 
bronchus. If obstruction of the bronchus is not complete bronchi- 
ectasis and pneumonitis may be suggested. Bronchographic studies of 
the bronchial tree may show the tumor as a smooth filling defect in 
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Uie bronchial wall. The tumor can sometimes be demonstrated by 
tomographic studies. 

Rarely an adenoma of the bronchus may be present without pro- 
ducing any roentgenologic evidence of its presence, la one case the 
roentgenogram of the thorax showed no abnormalities (fig. 383) but, 
because the patient complained of cough and hemoptysis, broncho- 
seopic examination was made. The lesion was found and at operation 
an adenoma projecting into the bronchus was removed (fig. SS4). 
Hence, if a patient has symptoms referable to the tracheobronchial 
tree, bronchoscopy is indicated wen if the roentgenogram is nonaal 



Fjg 384 --BronclHal adenoioa projecUng into the lum^a of the bronchus. 


Treatment.— There is some controversy regarding the treaWeat o 
bronchial adenomas. Since the tumors are relatively benign, 
growing lesions which rarely metastasize, removal of these lesions 
through the bronchoscope has been advocated by some as th® trea 
ment of chotce rather than polmonary resection, UhdoubfedJy in 
cases this method of trealmrail is preferable. In general, 
bionchoscopic removal of bronchial adenomas should be perfona 
only when tlie general condition of the patient will not perput p 
monary resection for the folloxving reasons: 1. It is impossible to 
move the entire growth by means of die' bronchoscope because 
many cases most of the tumor Bes outside the bronchus (note 
2 Repeated brondioscopy at frequent interv’als for the rest of the ^ 
tient’s life will be necessary for the tumor may recur (note case 
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3 Bronchial Tdenomas are higlU> \ascular tumors and se\ere hemor 
rhage may be encountered at the time of bronchoscopic remo\aI 

4 E\en though these tumors grow slowU and are relaU\el> benign, 
cases of metastasis ha\e been reported 5 The risk of surgical resec 
tion IS not great, usually less tlnn 5 per cent 6 Extensa e pulmoniry 
damage particularly bronchiectasis and severe pulmonary suppura 
tive disease distal to the tumor cannot be treated successfully except 
by resection (note especially cases 1 and 2) 

Although pulmonary resecbon is the treatment of choice in most 
cases of bronchial adenoma bronchoscopy plays an invaluable role in 
the diagnosis of the lesion and m determining the exact location of 
the tumor so that the extent of the operation can be planned before- 
hand Furthermore it is useful in preparing the patient for operabon 
Removal of the intrabronchial portion of the tumor through the bron 
choscope wall relieve the atelectasis and then the acute pulmonary 
suppurabon can subside prcoperabv ely Relief of bronchial obstruc 
bon by means of the bronchoscope loo wall permit drainage of re 
tamed infected pulmonary secrebons and thus allow an improvement 
m the pabents general condition Tims operation can be performed 
under the most favorable condtUons possible 

Anemia should be treated with administration of iron and transfu 
sions if necessary m the preoperabve period Many pabents are under 
nourished and have vatamm deficiencies which require attenbon We 
have found that peniciUm administered both by nebuhzabon and in 
tramuscularly has been beneficial 

Operabon is performed after the pabent has been restored to the 
best condibon possible Lobectomy is performed whenever possible 
but in many instances the location of the tumor makes pneumonec- 
tomy necessary Thus far in the cases which we have encountered it 
has been possible to carry out hilar dissection with indivadual hgabon 
of the vessels and closure of the bronchus m every case in which 
operabon has been performed and it has not been necessary to resort 
to use of a tourniquet As a result few postoperabve comphcTbons 
have occurred Pulmonary suppurabon and sev ere inflammatory reac- 
hons have made many of the operabons technically difficult and shock 
xng If anesthesia is induced correctly and blood transfusion dunn" 
the operation is adequate to replace the blood lost, the pabent can be 
maintained in good condibon throughout a long technically difficult 
operabon 

REPORT OF CASES 

The following coses illustrate sonte of the complications that can 
result from bronchial adenoma 


Case 1 --When the ^Umt a ssoimn tstenty mne yean of age entered the 
Cl me she n-as acutely lU Three years prior to adm ssion a dry cough had de 
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veloped which gradually had increased in seventy In the year prior to adnussion 
she had had episodes of fever and dulls and her cough was productive of foul pus 
Oil admission, the pabcnts len^rature was 103* F, pulse rate, 150 beab 
per minute and respiratory rate 32 She lost 30 pounds ( 13 6 kg } m prenous 
year The level of hemoglobin was 7 j 3 gm per 100 cc, erythrocytes numbered 
2,660000 per cubic miUiroeter of blood leukocytes 31,600 and sedimentation 
rate was 120 mm m one hour (Weslergreo method) Cough was producbve d 
two to three cupfuls (about 240 to 360 cc ) of foul sputum daily Exanunaton 
of the sputum rexealed no tubercle bacilli Roentgenograms of the thorax revealed 
atelectasis of tlie left lung fluid m the left pleural space and tnubple flmd levels 
m the lung indicating abscesses (fig 885, a and b) Bronchoscopic esaimnabar 
revealed an adenoma of the left mam bronchus at tlie level of the upper lobe 
Enough of tht tumor was removed to permit better drainage of the retained secre 
tion 




Fig 3S5 (Case 1) —Fluid in tliorax a. On admission extensive suppuraU'S 
process in (he left lung with multiple fluid levels b. After operation fluid w 
left pleural space 


Pneumonectomy was advised and the patient agreed to the operabon 
hospitaliaetl Preoperatively she was given a total of four transfusions of 
of blood and 150 000 Oxford uiuts of pentciIUn was admmistered mtrami^ciu^ 
daily Nine days after admission to the hospital pneumonectomy was perionn 
The operation, which was earned out extrapleurally, was difficult The lun g ^ 
so infected that it had ruptured mto the pleural space and extensive contatniw 
bon had occurred Pneumonectomy was earned out with mdividual 
the hilar structures and the bronchus was closed with a single row of mten^'P 
silk sutures The pleural space was closed without drainage Durmg the op^' 
bon 3 000 c c of blood was given ^ 

On bronchoscopy at the close of the operation a moderate amount ® 
and pus was removed from the brorujius on the nght Also a fragment o‘ ^ 
about 2 by 0 5 cm was removed from the nght bronchus This proved to ^ 
porbon of the adenoma which had broken off from the mam growth an 
been aspirated into the nght roam bronebus o x fci J 

On pathologic examinabon erf the removed lung nn adenoma 35 by 
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cm ^vas found in the left mam lironchus There was extensne bronchiectasis xvith 
almost complete destruction of the entire lung (fig 3S6). 

The postoperative course \x-as completely unexentful and emp>em3 did not 
dexelop The patient was dismissed on the txvent>-first day after operabon. 

Commcnf.— This case illustrates that adenoma of the bronchus may 
cause extenshe damage to the lung as xxell as the magnitude of the 
problem presented in some of these cases It is hard to imagine a 
poorer candidate for a serious operation than a patient who has 
toxemia and anemia and is malnourished Howexer, in this case the 
administration of adequate blood transfusions, penicillin and proper 








Fig 386 (Case 1) —Almost complete destiucboa of the enbre lung may be noted 


anesthesia improved the condition of the patient so that operation 
could be performed successfully. The value of postoperative brondios- 
copy for patients who have undergone pulmonary resection is illus- 
trated particularly m this case, for not only was purulent material re- 
moved from the bronchi of the remaining lung but a portion of the 
tumor which had been aspirated into this lung was removed. Had 
this not been done senous complications in the remaining lung could 
have developed postoperatively. 


. 1 . ‘"“■1'-"'“ >'“<5 of Oge, MS admitted to 

the Clime He had had respiratory sjmptoms toi four yeais. He cave a Wstorv 
ot tour episodes of pneomoma. cOTgh. feser, chdls and etpectoraUon of pnra- 
lent matenal Belli een epnodes wheh lasted Uitee or four iveefci, he had a pro- 
ductive cough. Seieral months previous to adnussioo episodes of dldls feser and 
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Fig S88 (Case 2) — Speomen reoimed at operabon slio\vutg tumor awJ ert?®* 
dcslniction of flie \we distal to the obstruction 
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night sweats became more frequent and pain developed in the left portion of the 
thorax and dyspnea occurred when he walked Hemopt>sis had occurred once 

On admission the patients temperature was 103* F pulse rate was 110 and 
respiratory rate 22 The erythrocyte count was 4 260 000 per cubic milhmeter of 
blood level of hemoglobin 13 5 gtn pet 100 c c and sedimentation rate 102 
mm m one hour (Westergren method) ExammaUon of sputum revealed no 
tubercle bacilh Roentgenologic exanunation showed complete collapse of the 
left lung (fig 387 a and b) Bronchoscopy revealed that a polypoid rounded 
tumor mass was present in Ae left mam bronchus and arose from the postero- 
lateral wall just below the upper lobe bronchus Biopsy revealed this to be an 
adenoma of tlie bronchus Attempts to remove enough of the tumor to permit 
drainage of the infected secretion distal to the growth were unsuccessful because 
of the bleeding encountered Therefore pneumonectomy was advised and was 
performed six days after admission 

The operation was extremely difficult The lung was densely adherent to the 
thoracic wall so that most of the dissection was earned out extrapleurally In spite 
of this gross contammation of the operative field occurred and the fnable m 
fected lung was ruptured in one place Hilar dissection and individual hgation of 
the vessels were earned out Postoperative bronchoscopy was performed and a 
large amount of purulent material was aspuated from the right lung 

Pathologic examination of the removed lung revealed an adenoma of tlie 
bronchus S by S5 by 1 cm and diffuse purulent pneumonitis multiple abscesses 
and bronchiectasis (fig 388) 

The patients postoperative course was entirely satisfactory Empyema did 
not develop He was dismissed from the hospital on the fourteenth postoperative 
day 

Comment— This case also illustrates extensive damage &at can 
result from adenoma of the bronchus The lung was almost com 
pletely destroyed In this case Jl had been impossible to remove a 
sufficient amount of the tumor by bronchoscopic meins to permit 
good drainage therefore the operabon was performed under unfor 
tunate circumstances During manipulation a considerable quantity 
of pus from the infected bronchus flooded the tracheobronclual tree 
before it was possible to carry the dissecbon down to the bronchus 
on the left and occlude it However, the anesthesia was go6d and as 
pirabon o5 the tracheobronchial tree was earned out during the course 
of the operation These factors made it possible to perform the opera 
tion 


Case 3 -The pabenl a man thirty five years of age fint registered at the 
Clinic in 1935 and was seen for exanunation several times after that In 1933 he 
gave a history of cough expectoraUon and episodes of chills and fever of three 
yean duraUon His condibon had been diagnosed elsewhere as tuberculosis 
Tubercle bacilli had never been demonstrated He had had occasional hemoptysis 
On roentgenographic studies of the thorax at the Clinic complete collapse of the 
lower lobe of the nght lung was found Sedimentation rate was 76 mm Bronchos 
copy revealed an adenoma of the nght lower lobe bronchus This was removed 
through the bronchoscope and deep roentgen therapy was given The patient im 
proved the wugh hemopl>s.s and fever i^ppeared and he gamed vveight He 
foSS*? mio? at that bme no evidence of recurrence of the tumor was 
found In 1940 he began to cough and raise purulent sputum and bronchoscopy re 
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vealed a recurrence of the adenoma Surgical resection of the lobe was advised 
but was refused by the patient The intrabronchial portion of the tumor was re- 
moved through the bronchoscope agam and radon seeds were inserted on two 
occasions 

The patient was well until 1^5 when cough and hemoptysis agam developed 
On bronchoscopy an obstruction of the nght stem bronchus and bronchiectasis in 
the middle and lower lobes were found 

Operation was again advised and was performed on November 29 1945 The 
lower and middle lobes of the nght lung were removed The operation was difi 
cult but hilar dissection and individual hgation were earned out Pathologic n 
ammabon of the specimen removed at operation revealed the growth to be an 
adenoma ongmating in the nght bronchus which measured S by 2 5 by 2 cm It 
was situated almost enbrely outside of tlie bronchus Marked bronchiectasis pneu 
monibs and fibrosis were present The postoperative course was enbrely sabsfac- 
tory and the patient was dismissed from the hospital on the fourteenth poslopera 
tive day 

Comment —This case illustrates the fubhty of bronchoscopic treat 
merit of adenomas In this case as m most cases, a large porbon of 
the adenoma was extrabronchtal and could not be removed by bron 
choscopic means Eventually surgical procedures became necessary be- 
cause of serious complications These made the operaUon more diffi 
cult and dangerous than jt would have been earlier 



Fig 389 (Case 4) —<J Atelectasis of the left lower lobe h After pneumonecto®' 


Case 4 —A woman thirty one years of age registered at the Chnie ^ 
1944 She gave a history of recurrent bouts of pneumonia of about fourteen 5 ^ 

duration In January 1944 bronchoscopic examinabon elsewhere had re^ea 
lesion in the left bronchus A roentgenogram of the thorax made after , 
revealed atelectasis of the left lower lobe (fig 389 a and b) Results ot s 
of the blood were withm normal limits Exammabon of the sputum r^e 
tubercle baedb Bronchoscopy revealed a polypoid tumor of the left ^ 

bronchus just below the onfice of ttie niiper lobe bronchus which jn 

eluded the lower lobe bronchus Padiologic examinabon proved this to 
adenoma of the bronchus 
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Operation was advised and was performed on June 12, 1944 We had ho^d 
that It would be possible to petfonn lower lobectomy, however, it was impossible 
to remoie the lesion completely wthout performing pneumonectomy Pneumo- 
nectomy uas performed and the hilar structures were ligated inihvidually The 
postoperahie course ins entirely satisfactory and the patient was dismissed itom 



MIThI I'int’id.l U' 

Fig 390 (Case 4) —Huge adenoma of the bronchus measuring 8 by 5 by 4 5 cm 
with complete collapse of the lung distal to the tumor 

the Clinic on the eighteenth day after operation On pathologic erammation the 
tumor was found to be an adenoma of the bronchus 8 by 5 by 4 5 cm , and 
bronchiectasis and atelectasis of the lung were present distal to the growth (6g 
390) 


Comment —This was the largest adenoma of the bronchus that we 
have ever seen The mtrabronchial portion made up only a small part 
of the tumor It would have been impossible to have attempted treat- 
ment by any means except pulmonary resection 




4 

I 


Case 5 —A white man forty two years of age registered at the Climc on 
August SO, 1945 He had had cough and hemoptysis for about four months He 
had no other complaints and his general health appeared to be excellent 

Roentgenographic study of the thorax gave negative results Values found on 
studies of the blood were ivithin normal limits Bronchoscopy revealed a large 
polypoid lesion in the mam bronchus of the left lung On biopsy this proved to 
be an adenoma of the bronchus Operation ivas advised Because of the location 
of the tumor it wis necessary to peifoim pneumonectomy This ivas earned out 
m the usual way Tlie postoperaUve course ivas completely uneventful The pa 
tient ivas dismissed from the hospital on the twelfth postoperative day 
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Comment —This case is interesting because it indicates that senous 
conditions can occur even in the absence of roentgenologic evidenc 
of disease 



Case 6 —The patient a white man forty elgl t yean of age registered a _ 
Clinic on January 31 1944 He had had recurrent bouts of pneumonia 
hemoptysis for about sixteen years Studies of the blood gave results xwtm 
limits Roentgenographic and brondioscopic studies of the thorax revealed a 
in the nght lower lobe bronchus (fig 391 a and b) Microscopic cxai^® 
tissue removed through the bronchoscope ie\%a?ed the tumor to he an aoenc 
the bronchus 
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Operation was advised and on February 21. 1044 lobectomy and “dividual 
heation of the hJar structures were performed The operation wtis duncult be- 
cause It was extensive and many vascular adhesions were present A transfusion 
of S 500 c c of blood was administered during the operabon The adenoma ana 
the results of ohstrucbon are shown in figure 392 



li'ilm^iiilitnlii I 111* 'iinliijiil 

Fig 392 (Case 6) —Surgical specuuen showing adenoma of the bronchus and de 
strucbon of the lung distal to the oh truction 


After operation empyema developed and open dnmage was necessary on 
Much 30 1944 The cavity was filled in w th granulation tissue The pabent re 
turned for re examination m September 1944 and at that bme his condibon was 
good 

Comment —This case illustrates that sjitipt ms may be present for 
a long time m cases of bronchial adenoma It was unfortunate that 
the operation was delayed until such extensive damage had occurred 
and a difficult and dangerous operation was necessary If the opera- 
tion had been performed earlier it would have been a much easier 
and safer procedure 

Case T -The patient a woman forty one years of age registered at the C linic 
on December 9 1943 She had had pleunbc puns in the left side of the thorax 
for about thirteen years and a chronic nonproducbve cough until six months be- 
fore she was exammed At the bme of exammabon she stated itni «''•» J i- 


Results of hboratory studies 


ut u wu vjuu t L ; 

at the Clinc were negative except 


for the roent 





COMPLICATIONS AND TREATMENT OF BRONCHIAL ADENOMAS 933 


genograms of the thorax which revealed a lesion in the hilus of the left lung (fig 
393) Bronchoscopy was performed It was impossible to visualize the tumor 
However a deformity was noted in tlie upper lobe bronchus and it appeared to 
be caused b> extrabronchial pressure It was the bronchoscopist s impression that 
this patient might have an extrabronchial tumor 

In spite of the negative findings at bronchoscopy operation was advised and 
on December 20 1943 the operation was iierformed A tumor was found in tlie 
upper lobe of the left lung at the hilus It was a firm hard rounded tumor mass 
Pneumonectom> was performed in the usual way On pathologic exarmnation the 
mass was found to be an adenoma of the bronchus 45 cm in diameter (fig 394) 
Patients postopeiaUse course was completely satisfactory and she was dismiss^ 
from tlie hopitnl on the fifteenth postoperative day At a later exammation she 
appeared to be m excellent health and had no s>mptnms 

Comment —In this case it was impossible to visualize the tumor and 
obtain tissue for pathologic examination before operation The history 
and roentgenographic findings were compatible with the diagnosis of 
carcinoma of the lung or adenoma of the bronchus It was technically 
impossible to remove the upper lobe and pneumonectomy was per 
formed without difficulty This case illustrates the importance of ad 
vising thoracic exploration m cases m which the presence of tumor of 
the lung IS suspected even when it is impossible to obtain pathologic 
proof of the nature of the lesion before operation 



TOTAL GASTKECTOMY: REPORT OV A PATIENT 
SURVIVING FOR EIGHT YEARS 


James F Weir 

Partial gastrectomy is employed frequently m the treatment of 
both benign or malignant gastric lesions Total removal of the stom 
ach is undertaken much less frequently because it is a more hazardous 
procedure However, it is being used more and more frequently Be 
cause malignant disease tends to be more extensive and requires more 
radical procedures for cure, total gastrectomy is used more often lo 
malignant than m benign disease In comparison to the number of 
operations which are performed for malignant and benign gastric 
disease, the number of total gastrectomies is relatively small 

In 1933 Roeder collected eighty ei^t cases from the literature In 

1942 Joll and Adler collected another forty-seven cases in which gas 
trectomy was performed successfully and added two of then own id 
which the patients had survived for three years and a feNV moD&s In 

1943 Farris, Ransom and Coller reported that from 1957 to 1943 
twenty four patients survived this operation and discussed the meta 
bolic study m one case in which the patient had lived for four years 
and seven months 

At the Clinic total gastrectomy was performed m twenty cases from 
1917 to 1934 From 1935 to 1944 the operation was performed w 
I seventy-six cases for malignant disease and m nine cases for benigp 
disease Two of the patients who had benign disease were operated 
on m 1935 One of these is known to have been disabled five years 
later, the other had suffered from chronic ulcerative colitis before 
gastrectomy for a large sessile polyp and pulmonary tuberculosis o^ 
veloped subsequent to the operation He has improved markedly and 
at the time of this report is working part time The patient whose 
case IS presented herein was operated on in 1937 and recently 
been under observation 


REPORT OF CASE 

The patient a man twenty five yeais of age first was examined Pw 
m November 1925 because of a gastric disorder Symptoms which had had v’ 
onset when he was fourteen years of age had been characterized by epgas 
distress one and a half lo two hours after meals He had obtained reher by 
Uon of food or alkalies and by vonutmg The attacks of epigastric distress ^ 
occurred chiefly in the spring and fall seasons or after dietary indiscretions a 
had penisted for from a few days to two or three weeks , ^ 

On examinatron at the Clinic the patient weighed 165 pounds '.pj 

Vnnalysis and hlond count gave nonnal results Gastnc analysis after an 
93f 
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uieal revealed total acidity of SO clinical units and free hydrocUlonc acid of ^ 
cLiucal units (Topfers metliod) and 290 of gastnc contents were aspir^ed 
Roentgenologic examination of the stomacli revealed a duodenal ulcer which 
caused marked obstruction After preoperalive preparabon explorabon was under* 
taken A large duodenal ulcer which perforated onto the under surface of tlie 
hver and gallbladder and produced marked obstruction was found Posterior gas- 
tro enterostomy was performed 

Following dismissal from the Clime the patient was well for eight years Dur- 
ing tlie next year he experienced distress at 0 to 10 o’clock m tlie evening and in 
the following two years tins distress occurred about three hours after meals and 
was reheved when he took alkahes and food In the four weeks before his next 
visit m May, 1937, when he was thirty six years old, his distress had been much 
worse and he had become dizzy and weak and had had to spend considerable 
time m bed 

On examination his weight svas 160 pounds (72 6 kg ) Moderate pallor was 
noted The level of hemoglobin m the blood was 6 0 gm per 100 c c , eiytliro- 
cytes numbered 3 110 000 per cubic millimeter of blood and leukocytes, 10,200 
Fractional gastric analysis after an Ewald lest meal revealed total acidity to be 
4 4 6 and 12 clinical units No free hydrochloric acid was obtained A total of 
335 c c was aspuated from the stomach On roentgenologic exammabon of the 
stomach the superior porUon of tlie duodenum was found to be deformed, the 
gastro-enteric stoma was free and a large ulectabng lesion was present high on 
die poslenor wall of the stomach On gastroscopic exmmabon the lesion appeared 
to be infiltrabng m t^T^ It bled easily The gastroscopist considered the lesion to 
be probably malignant 

At exploration the gastro enlenc anastomosis was found to be in good condi- 
tion The lumen of the duodenum was contracted MulUple lesions were felt m 
the stomach one was high on the lesser curvature, just below Uie cardia, and an- 
other which measured from 3 to 4 cm m diameter was high on the posterior wall 
and was perforating The surgeon could not determine whether the lesions were 
benign or malignant Total gastrectomy was performed after the gastro enteno 
anastomosis was disconnected The duodenum was cut across and the open distal 
end was turned in and sutured A loop of jejunum about 2 to 2V^ feet (60 9 to 
76^ cm ) from its origin was brought anlenor to the colon and anastomosed to 
the end of the esophagus An entero anastomosis between the two limbs of the 
jejunum was established Pathologic exammabon disclosed that 1 cm of duode- 
num and 25 cm of stomach had been removed In the latter were three inflam- 
matory ulcers Tlie largest measured 4 by 2 by 1 cm and had perforated the 
smallest was 1 cm in diameter 

The patient s postoperative course was stormy Pneumococcic pneumonia de- 
veloped and empyema on the nght side made Open drainage necessary He was 
discharged from the hospital forty three days after gastrectomy had been per- 
formed and he was permitted to return home nine days later At that lime he 
was gaming weight eating three meals a day and drmking milk between meals 
His lowest recorded weight was 139 pounds (63 kg ) 

When the pabent was observed in November, 1937, he weighed 159 pounds 
(72 kg ) He felt well had an excellent appebte and was eating three moderate- 
sized meals daily and three addibonal lunches No discomfort was noted He re- 
turned yearly for examination imtil 1942 


z 1 . was examined again m 1945 His weight averaged 160 pounds 

(about 73 kg ) He felt well and earned on his farm work without difficulty His 
appebte was good and he stated that be experienced hunger He was able to eat 
most foods in normal quanbties He got along sabsfactonly with three meals a 
day but was in Uie habit of lunching bettveen meals and at bedtune He found 


this lunching advisable when performing heavy work It was necessary that he 
limit the size of his meah slightly and avoid nch foods WTien he ale large meals 
he had slight epigastric distress nausea palpitation sweating hghtheadedneis 
and weakness from which relief was obtained by rest These symptoms are chat 
actenstic of a mild dumping syndrome and were of infrequent occunence He 
did not tolerate milk well but butter and cream caused no difficulty His bowels 
moved regularly one to two times a day Occasional mild looseness of the stools 
occurred but no more frequently than Eaefore operation 

In the fall of 1939 the patient had soreness and redness of his tongue for 
three or four weeks hut u/hwi he svas seen m May 1940 no objechve atrophv 
svas noted tliougb slight redness was present No atrophy was noted at etamina 
tions m 1941 and 1912 Some soreness of the tongue was agam noted in the fall 
of 1914 At his last esammabon ui June 1945 definite atrophy of the papillae 
at the edges of the tongue was present Tlie pattent had no paresthesias vibra 


TABLE 1 — POSsTOPEBATlVE LEVEL OP HEMOGLOBIN AND ERTTIIBOCYTE 
COUNT IN A CASE IN WUICH TOTAL CASTBECTOMY VfAS PERTORMED 


Year 

Hcmoglohin 
gm per 

100 c c of blood 

Erythrocytes 

per 

cu mm of blood 

Remarks 

1937 

) i: s 

4 780 000 


1938 

[ 11 o 

1 4 000 000 


1939 

9 8 

1 3 500 000 

Hypochromic anemia 

1910 

1 11 9 

1 4 220 000 


1911 

1 11 9 

1 3 430 000 


1912 

1 12 3 ' 

1 4 180 000 


1915 j 

1 1 

1 13 2 1 

3 220 000 

1 1 

Moderate roacrocvlosis 
right shift m polyroorphoou 
clear leukocytes than' 

eier of erythrocytes 8 1 »• 


bon sense m his extremities and reflexes were normal His hair was heeotni 8 
white when he was forty Eve years of age but this was a family waractens 
Osteoporosis was not demonstrable in long bones on roentgenographic examm 
tions in 1941 and 19 15 

In 1945 tlie level of caldum was 9-3 mg and phosphorus 4 24 mg , 
at of SftTViWi SewMW picAem was T 2® gm pn kWi Lc wwl Oac aihumm go 
rabo was 1 57 to 10 The level of total bpoids m tlie blood was normal Jw 
values for hemoglobin erythrocyte count and results of study of 
since gastrectomy are given in table 1 In these eight years he had 
occasionally but none had been taken for some time before any of his . j 
bons at the Clinic In general the pahent had maintained a fairly normal 
picture until the last examination when macrocylosis was found On stem 
piralion the bone marrow revealed no megaloblasbc changes Because o 
macrocylosis liver extract was presenbed 
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COMMENT 

Total gastrectomy is a heroic procedure and when successfully per- 
formed it gives rise to some interesting physiologic problems. These 
derive from the absence of the functions performed by the stomach. 
This patient’s appetite was excellent and he stated that he experienced 
himger. Roeder’s patient also reported experiencing this sensation. 
Hunger is considered to result from powerful contractions of the gas- 
tric musculature which is obviously absent in this patient. Possible 



Fig 395 — Esophagoiejunal anastomosis Absence of dilatation of both proximal 
and distal loops of the lejunum may be noted 

explanations of this phenomenon are that he misinterpreted the sen- 
sation he experienced, that sensation of hunger was due to the devel- 
opment of a conditioned reflex or that the phenomenon of hunger con- 
sists of more than the so called hunger contractions of the stomach. 

Disturbance of reservoir function is present occasionally in cases in 
which partial gastrectomy is performed Berkman and Heck have re- 
cently discussed this problem The patients complain of quick filling 
and discomfort and at times it is difflcult to get them to take ade- 
quate amounts of food and loss of weight ensues. Usually, however 
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if they receive encouragement, are persevering and eat five meals of 
increasmg amounts dail> , they soon become accustomed to the new 
situation and the gastro intestinal tract will accommodate an adequate 
intake of food When patients have undergone total gastrectomy dis 
comfort and loss of appetite and weight are much more prominent 
complaints than after partial gastrectomy and some patients ne\er 
seem to make satisfactory adjustment In the case reported herem the 
patient adjusted promptly and has been able to take sufficient food 
in three meals to maintain his normal weight and carry on moderate 
activities 

A factor that at times interferes with adequate intake of food after 
either partial or total gastrectomy is the occurrence of the “dumpmg’ 
syndrome first described by Hertz Tliose suffering from this disorder 
complam of discomfort immediately after eating nausea weakness 
pallor palpitation tachycardia perspiration hghtheadedness and 
faintness The symptoms persist for twenty to thirty minutes are 
usually more severe after breakfast and are eased when the patient 
lies down In some instances these symptoms gradually disappear but 
in others they persist and at times are disabling The cause of these 
symptoms has not been explained clearly but apparently they are the 
reflex effect of too great and too rapid distention of the jejunum by 
the ingested food Tliese symptoms occurred only to a mild degree id 
this patient and only when he overate Certain foods particularly 
milk seemed to be more prone to bring on the symptoms than oAers 

In general this patient suffered little from loss of the reservoir fuflc 
tion of the stomach Roentgenologic examination showed no significant 
dilatation of the intestine at the site of the anastomosis to suggest that 
the intestine changed m taking o\et the function of storage of food 
(fig 395) 

Loss of triturating function evidently did not produce any sigaifl 
cant effects In animals food may at times appear m feces In an un 
digested state, but this has not been noted m this case The palien 
has been careful to masticate his food thoroughly 

Disturbance of digestive function may be important Tlie digcsti'c 
functions of pepsin and hydrochloric acid must be taken over by the 
pancreatic and intestinal enzymes Ivy has shown that m gastrec 
tomized animals the intake of meat may cause diarrhea and that m 
creased amounts of meat milk and bread are required to maintain 
normal weight Metabolic studies on human beings after partial or 
total gastrectomy are not numerous Steatorrhea has been nol^ lo 
some reports Fams Ransom and Coller m 1943 reported a melaho c 
study in a case five years after total gastrectomy They found n 
excess loss of fat and a normal coefficient of digestibility of 
In a study** of intake and excretion recently made at the 
patients after partial gastrectomy variable loss of fat m the s 


TOTAL GASTRECTOMY 


939 


above normal has been found and the amount of nitrogen lost was 
increased in an occasional case In tins case no satisfactory metabolic 
data ate available However, no clinical steatorrhea occurred and the 
patients general nutrition was good, indicating tliat no clinical dis 
turbance resulted from loss of digestive function of the stomach 
The stomach because of its secretion of hydrochloric acid aids in 
the absorpbon of calcium and iron In tins case calcium metabolism 
was not disturbed as evidenced by absence of osteoporosis and nor 
mal content of cilcium and phosphorus in the serum Many authors 
have reported that hypochromic anemia occurred m some cases in 
which either partial or total gastrectomy was performed and that the 
condition was controlled readily by administration of iron In some 
cases, however, patients do not respond to treatment with iron or even 
liver extract This pabent had slight anemia at times and therefore 
he took iron intermittently In general, the hemoglobin content of his 
blood has been maintained near normal levels with little effort 
On the basis of Castle's hypothesis, total removal of the stomach 
usually would be presumed to produce a marked effect on hemato 
poiesis because of failure of elaboration of the intrinsic factor In am 
mals It has not been possible to produce macrocytic anemia by total 
gastrectomy even though vanous dietary modifications have been 
tried Hyperplasia of the bone marrow has been found, however 
Numerous reports have appeared m the literature on occunence of 
pernicious anemia or pernicious anemia like syndromes after partial or 
total gastrectomy Meyer suggested that pernicious anemia does not 
develop in many of these cases because the patients do not live long 
enough Pernicious anemia has been reported by Meinertz to develop 
as late as sixteen years and by Ellis fifteen years after subtotal gas 
trectomy for carcinoma and by Dennig and Breitenbach seven years 
after total gastrectomy for gastnc ulcer As a rule liver extract has 
controlled this syndrome satisfactorily Only at the last examination of 
the pTbent has there been any significant macrocytosis Slight glossihs 
occurred at times but it was only at his last examination that any 
atrophy of the tongue was noted Neurologic signs were not demon 
strable Because of changes m the blood and atrophy of the tongue 
administration of liver extract was considered advisable for the first 
time eigjit years after operation 

SU’\niARY 

Total gastrectomy is a hazardous procedure which is usually under, 
taken for malignant disease of the stomach In some cases of benign 
disease, however, this procedure has been carried out The subsequent 
course m benign disease offers a belter opportunity for study of the 
physiologic effects on the hunnn organism A case is reported in 
which the patient survived m clinically good health for eight years 
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after this operation and some comments on total loss of gastnc func 
tions are made The chief manifestation of this loss to date in this 
case has been in regard to hematopoiesis A mild macrocytic anemia 
with attendant slight atrophy of the tongue developed 
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RESECTIO> OF THE HEAD OF THE PAiNCUEAS A^D 
DUODEMJSIt OPER-VTIVE TECHNIC 

John M Walch 

K the past five years fort> two pabents have undergone resection 
of the head of the pancreas and duodenum at the Clmic for carcin 
oma islet cell tumor or pancreabbs In fi\ e of these cases total pan 
createctomy was performed, m three of the five for islet tumor, in one 
for carcinoma and in one for diffuse chronic pancreabbs with cal 
cificabon and mtraclahle pain Sk pabents had partial pancreatectomy 
for chrome pancreatitis ^v^th or walhout calcificabon or obstnicbve 
jaundice, but all had intractable pain which was not amenable to 
more conservabve measures Of the remammg thirty one pabents 


TABLE 1 — RADiaU. RESECTION OF HEAD OF PVNCBEVS FOR CARCINOMA 

operathb mortality 


Site of Lesion 

: Operation 
m 

! 

Patients 

Hospital Deaths 

Auro 

her 

Per Cent 

Head of pancreas 

17 ca<(C3 

1 stage 

13 

1 1 

7 7 

11 8 

2 stages 

4 

1 

25 0 

Ampulla 

10 cases 

1 stage 

7 

2 

28 6 

30 0 

2 stages i 

3 

1 

33 3 

Duodenum and stomach 

3 cases 

1 stage 

3 

1 

33 3 


Total 


30 

6 

20 0 



twentj ei^t underwent parbal pancreatectomy because of caremoma 
of the head of the pancreas or ampulla of Vater, two because of car 
cinoma of the duodenum and one because of carcinoma of the stom 
ach wath invoh ement of the head of ttie pancreas The operabons en 
tailed removal of the duodenum and head of the pancreas and in the 
cases ui which total exbrpabon was performed removal of the spleen 
as well as the enbre pancreas was included 
In a recent anal>sis b> Clagett and me of the first thirty reseebons 
done for carcinoma at the Clinic, the prachcabihty of the techmc to 
941 
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be described which I had used m three cases seemed evident Of the 
thirty patients all but six survived operation resulting in a hospital 
mortality rate of 20 per cent (table 1 ) Thirteen resections for carcin 
oma of the head of the pancreas were performed in one stage with 
one death (a hospital mortality rate of 77 per cent) 

STUDY OF METHODS EMPLOYED IN THE FIRST THIRTY CASES 

Special study was made of the methods used to dispose of the pan 
creatic stump and bihary system and to restore gastro intestinal con 
tinuity m the first thirty cases in order to uncover those methods 
which were apparently most often successful The following is a bnef 
summary of the deductions it seemed proper to make 

Pancreatic Slump.— In seventeen cases the stump and duct were 
obliterated by suture and in the last thirteen the end of the pancreas 
was implanted into the jejunum Although the percentage of hospital 
deaths m these two groups differed little, it is hkely that experience 
will show that restoring the pancreatic secretion to the intestine will 
actually lower the mortahty rate as obliteration of the pancreas is 
more difficult and hazardous Certainly on the score of maintanung 
nutrition postoperatively it is preferable to anastomose the panaeas 
to the Intestine Wiether the end of the pancreas is brought to the 
end or the side of the jejunum is a matter for the mdividual surgew 
but I prefer the end to end anastomosis which for me is technicallj' 
easier and more logical than the end to side If the latter method is 
used either an extra step is requued to close the end of jejunum or 
if an end to end choledochojejunoslomy is anticipated its execuhoa u 
more difficult than an end to end pancreaticojejunostomy followed b) 
end to side choledochojejunoslomy 

Biliary System.— In four cases choledochogastrostomy was em 
ployed, m twenty choledochojejunoslomy In twelve of these twenty 
four complementary cholecystoslomy was performed In two cases 
both cholecystojejunostomy and choledochojejunoslomy were per 
formed and m five cholecystojejunostomy or cholecystogastrostonw 
Nvith ligation of the common duct was used One of the fi'C pabca 
m the latter group required a secondary choledochojejunostomy 2® 

IS included in two of the groups mentioned The mortality in the 
m which the gallbladder was employed in the anastomosis 
per cent as compared to a mortality of 15 4 per cent m the twenty s“ 
cases in which the common duct was utilized This evidence la' ^ 
the utihzation of the common duct in the anastomosis as it se^ ^ 
give more direct biliary decompression than the gallbladder W ^ 
two stage procedure is employed, however, and also when the 
mon duct is not dilated the gallbladder is preferable Complcmen ^ 
cholecystoslomy seems svise as a safety measure when the com 
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duct is anastomosed to the gastro-inlestinal tract in case of temporary 
postoperative obstruction due to edema or inflammatory reaction 
around the choledochojejunostomy. 

Gaslro-intestinal Continuity.-Although pracHcally every conceiy- 
dble method of gastrojejunostomy was user) one or more times, the 
poslcolic antiperistaltic method was the favored technic and carried 
the lowest mortality. It is possible that the melliod of restoration of 
the gastro-intestinal tract had no bearing on the mortality rate, but 
the difference between certain methods was strilang. For example, 
fifteen patients had an antecolic anastomosis Nvith five deaths (a mor- 
tality rate of 33 per cent), as compared to fifteen patients who had 



Fig 398.~Techtuc for resloralion of gastro-intestinal tract, biliary and pan- 
creatic ducts following resection of duodenum and head of pancreas. (End-to-end 
pancreaticojejunostomy, end-to-side cholcdochojejunostomy, end-to-side, postcolic, 
antiperistaltic gastrojejunostomy.) 

postcolic anastomosis wth one death (a mortality rate of 6.7 per 
cent). Twelve of the thirty patients had an isoperistaltic gastrojeju- 
nostomy with four deaths (a mortality rate of 33 per cent) whereas 
eighteen had an antiperistaltic anastomosis with two deaths (a mor- 
talit)' rate of 11.1 per cent). 

Commenl.— From these data it seems reasonable to propose when- 
ever certain anatomic situations do not contraindicate that end-to-end 
pancreaticojejunostomy with end-to-side choledochojejunostomy and 
end-to-side postcolic, antiperistaltic gastrojejunostomy (fig. 396) he 
employed for restoration of the pancreatic and bffiary ducts and the 
gastro-intestinal system. This tecime more or less isolates the biliary 
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and pancreatic s) steins so that food and the gastnc secretions are 
shunted distally This isolation may prove to be a factor in preventing 
cholangitis Furthermore, if recurrence of a mahgnant lesion should 
upervene, it would not be hkely to obstruct the gastro entenc stoma 

PREOPERATIVE PREPARATION A^D CIIOICE OF ONE-STAGE OR 
TWO STAGE PROCEDURE 

The pabent who has obstrucbve jaundice which is beheved to be 
caused by carcinoma m and about the head of the pancreas deseries 
full considerabon from the standpoint of proper and adequate pre- 
operabve preparation It may require as long as two weeks of con 
certed effort to place the pabent in optimal condibon Anemia should 
be corrected by administrabon of whole blood A high carbohydrate 
high protein low fat diet is m order and if a sufficient quantity of 
food cannot he taken orally ihe diet should be supplemented inth 
mtravenous admmislration of glucose and protein digest Vitamin k 
should be administered whether the prothrombin time is high or not 
and m addition vitamins B and C should be given 

If the prothrombin bme is elevated and does not respond to liberal 
use of vitamin K usually considerable liver insufficiency is present 
and resecbon if feasible should be undertaken m two stages The 
first operation should be limited to determining the nature and opera 
bihty of the obstrucbng lesion and the simplest method of dccoffl 
pressing the biliary tract should be used This will usually be chol^ 
cystojejunostomy Most patients howeier can be so veil prepared 
that a one stage procedure js safe and advisable and it has certain 
advantages The mahgnant lesion is eradicated at an earlier date than 
in the two stage procedure the operation in one stage is usually easier 
technically and the patient is spared the discomfort expense and nsr 
of a second operation There are certain patients howeier who are 
m such poor condition when they come for beatment that a two-stage 
procedure is obhgatory and by careful preoperabve analysis this group 
can as a rule be determined with little difficulty 

ANESTHESIA AND INCTSION 

The choice of anesthebc agents at the Chmc has been mtrous 
oxygen and ether or cyclopropane and curare An intratracheal tu 
IS employed with both combinations Glucose is slowly administer 
inbavenously throughout the procedure which on the 
about three hours of anesthesia and from 500 to 1 500 c c of hlooO 
The quanbty of blood given depends on the requirements of the w 
dividual patient A nght rectus mmsion made from the xiphoid procf 
to an mch (2 5 cm ) below flie umbilicus with lateral retraction o 
the muscle yvjll usually give excellent exposure 
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OPERATIVE DIAG^OSIS AND RESECTABIUTY 
Before proceeding with an operabon of the magnitude of parbal or 
total pancreatectomy, it behooves the surgeon to satisfy himself first, 
by careful exploration, that the operabve risk is warranted If a 
malignant lesion of the head of tlie pancreas or the ampulla is sus- 
pected clmically, this should be verified by biopsy Often the char- 
acterisbc mahgnant mfiltrabon is so obvious that no microscopic con 
firmation is necessary, but the poise and peace of mind winch come 
to the surgeon when the diagnosis of a mahgnant lesion is confirmed 
by pathologic exammation of fresh frozen tissue is well worth the 
added few minutes it may require to obtain this confirmabon 

A small tumor may be felt at the papilla of Vater projecbng into 
the duodenum, or there may be an ulcerabng lesion at this point 
Removal of a specimen from either of these may be readily done 
bansduodenally The common bile duct should be explored carefully 
and occasionally malignant bssue can be obtained with the common 
duct scoop or curet If there is still a question as to the presence of a 
mahgnant lesion, a good solid wedge of bssue should be removed 
from the part of the pancreas which is most suspected of harboring 
a malignant lesion If the result of examinabon is posibve, the drag 
nosis IS settled, if negative, it by no means rules out the presence of 
carcinoma 

After the diagnosis is verified, either by the local findings or micro 
scopic examinabon, the surgeon must be certam that the disease is 
sbll localized enough to warrant resecbon The liver may have been 
found to contain a metastabc lesion, pentoneal implants may have 
been observed or the local mass is so large and fixed that the situabon 
obviously IS hopeless without the necessity for the precaubons men 
tioned in the previous paragraph The mesentery of the small intestine 
should be inspected for metastabc nodules, as the large nodes at the 
radix may be mvolved and mulbple rebograde metastabc lesions may 
be found near the lutesbne m the penpbeiy of the mesentery even 
before involvement of the liver is apparent It would seem that there 
is httle justificabon for undertaking this extensive procedure as a 
knovvn palhative procedure so every precaubon should be taken to 
rule out metastasis before startmg mobilizabon of the pancreas and 
duodenum 

DETAILS OF OPERATIVE TECHNIC 
The duodenum and head of the pancreas are mobilized by incising 
the peritoneum lateral to the duodenum and gently elevating it This 
maneuver will expose the supenor mesenteric vein and the surgeon 
can sabsfy himself that it is not involved and that it will be possible 
to remove the pancreas cleanly from the vein Extension of the car 
cinoma around this vein probably most often conbaindicates an at 
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tempt at resection when all other (actors appear (asorable This point 
therefore, must be settled before proceedmg 

The stomach is severed bcl«e«» Payr clamps at the juncture of the 
middle and lower third after the \esse!s along the lesser and greater 
curvatures ate ligated at the proposed line of section The dis^ por 
tion of stomach is mobilized b> severing the gastrocohc ligament and 
the right gastnc and gastroduodenal arteries are hgated and severed. 
Care is tahen not to injure the hepatic arterj which frequently is close 
to the head of the pancreas The common bile duct is severed just 
proximal to its entry into the pancreas and well above any car 
cinomatous insohement after it is dissected free from the supenor 
mesenteric vein The bile is removed with tlie mechanical aspirator and 
the tarry bile is expressed from the gallbladder by gentle pressure and 
is ev acuated 

A point IS selected in tlie body of the pancreas well to the left of 
any gross involvement in the head and by means of a grooved dlre^ 
tor or the finger, the posterior wall js genii) separated from the under 
lying vessels and severed A clamp is left on the nghl porbon of the 
pancreas and the bleeding vessels are hgated separately on the cut 
surface of tlie left portion which will be preserved for implantabon 
into the jejunum The right portion of the pancreas is then gently ele- 
vated and rotated to the right to bring into view the supenor mesen 
teric vessels The short veins between the pancreas and supenw 
mesenteric \em are carefully severed between clamps and secured 
with transfixed ligatures of fine silk The uncinate process is likewise 
freed from tlie vein and the inferior pancreaticoduodenal artery and 
vein are severed and ligated care is taken to preserve the middle cote 
vessels 

After tile pancreas and duodenum are mobihzed completely fn^ 
their vascular attachments gentle traction on the latter vviU permit toe 
upper part of the jejunum to slide under the superior mesenteric ves 
sels through the openmg normally occupied by the third 
the duodenum The upper part of the jejunum is then mobilized suft 
cientiy to pennit anastomosis to the end of the pancreas and commw 
duct without tension Care is taken to preserve the blood J 
this segment of jejunum and tlie intestine os severed at the site 
which will usually be a few centimeters beyond the ligament of Trei 

With the jejunum now occupying a position similar to that oi 
normal duodenum an end to end anastomosis is effected between f 
pancreas and jciunum wntii two rows of intemipted silk sutures 
pancreas after the anastomosis is completed projects into the jejun 
for about 1 cm An end to side anastomosis is then made if coudi 
permit between the common bile duct and jejunum wth 
mlerrupted sUk sutures at a convenient jjomt in the jejunum di ^ 
the pmcreaticojejunostomy (usually 3 or 4 inches 76 to 
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The root of the mesentery is then closed around the jejunum to pre- 
vent internal herniation and a postcolic end-to-side antiperistaltic 
gastrojejunostomy is used to re-establish the gastro-intestinal con- 
tinuity. An inner row of running cliromic catgut and an outer row 
of interrupted silk sutures are utilized. 

A Levine tube is passed into tlic proximal limb of the jejunum and 
constant suction is applied. A complementary cholecystostomy is per- 
formed and the tube is removed in two or three weeks. The pancreatic 
region is drained through a stab wound below the right costal margin 
with Penrose drains. 


POSTOPERATIVE CARE 

The postoperative course is usually smooth and frequently there is 
surprisingly little febrile reaction. Constant suction is maintained on 
the Levine tube in the proximal limb for from three to five days, unless 
complications ensue which indicate longer drainage. Fluids are given 
by mouth forty-eight hours after operation and gradually the usual 
gastric resection diet is given. The diet is gradually increased to the 
ambulatory ulcer diet which is continued for one month. Fluids are 
administered by vein to maintain proper electrolyte balance to make 
up for any unusual loss of bile and fluid from the upper part of the 
intestinal tract Anemia and protein deficiency are corrected with 
whole blood and protein digests. Administration of vitamin K, ns 
well as vitamins B and C, are continued for approximately three weeks 
by which time the elevated serum bilirubin wll be approaching nor- 
mal figures. 

Both penicillin and sulfadiazine are given in adequate doses for 
approximately one week. From 5 to 10 gm. of sulfathiazole is placed 
intraperitoneally at the completion of the operation so that sodium 
sulfadiazine is not administered intravenously for about forty-eight 
hours. The Penrose drains and cholecystostomy tube are removed 
about trvo weeks after operation. 

The patient should be examined at frequent intervals during the 
immediate postoperative period and occasionally later for glycosuria 
and elevation of the blood sugar because an occasional patient may 
have transient difficulty in this respect One of the forty-two patients 
operated on at the Clinic developed diabetes one year after resection 
without antecedent difficulty. 

Although with re-implantation of the pancreas into the jejunum loss 
of fat in the feces is much reduced as compared to what occurred in 
the early cases in which the pancreatic stump was obliterated some 
patients will require pancreatm to control the bulky fatty numerous 
stools and thus permit them to maintain or gain wei^t The dosage 
wll vary with the individual patient, but may run as high as 30 tablets 
daily in extreme instances. 
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These patients have been singularly free of cholangitis or bouts 
of chills and fever with recurrent jaundice, if the malignant lesion has 
not recurred 
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TOTAL AND SUBTOTAL COLECTO^IY WITH BEMEV 
OF SEVENTY-TWO CASES 

Claude F. Dixox axd Raymoxd E. Bensox 

In the surgical treatment of disease of the colon it is occasionally 
necessary to extirpate long segments of this organ. \Vhen the entire 
colon and rectum are involved by the diseases to be described total 
colectomy is indicated. When some portion of the colon or rectum re- 
mains but a segment greater than a half of the length of the normal 
colon is removed, the operation is referred to as subtotal colectomy. 

Some years ago, in the time of Sir Arbuthnot Lane, the colon was 
thought to be frequently tlie site of origin of systemic diseases. Colec- 
tomy was advocated for such a wide variety of conditions as acne 
vailgaris and other skin diseases, arthritis, menstrual disturbances, 
“female trouble,” disturbances of \ision and constipation of the type 
which is now recognized as being functional in origin. At the present 
time the indications for colectomy are much more clearly defined than 
they were then and it is only in an occasional instance that the opera- 
tion is necessary. It is the purpose of this paper to define the indica- 
tions for colectomy and record our ex-perience xnth this procedure. 
The present report is based on a series of sevent>'-hvo consecutive 
cases in which total or subtotal colectom>' was performed by the 
senior author between 1929 and 1945. 

In general, colectomy is indicated in only those conditions in which 
long segments of the colon are involved by local pathologic process. 
Systemic diseases and conditions elsewhere in the body remotely re- 
lated to the large intestine rarely, if ever, constitute sufficient indica- 
tion for the operation. In the seventy-two cases of this series there are 
thirty-tivo cases of megacolon, nineteen of poly'poid disease of the 
colon and seventeen of chronic ulcerative colitis. In three additional 
instances multiple carcinomas of Uie colon (one case), extensive 
diverticiilosis and diverticulitis (one case) and multiple fecal fistulas 
arising from different segments of the colon (one case) necessitated 
colectomy. In a final case a long segment of defnnctionalized colon 
was extirpated to remove a purposeless mucous fistula. 

MECACOLON 

Megacolon is primarily a disease of childhood. Occasionally the 
idiopathic form of the disease is also encountered in adults. The ojit- 
standing symptom presented by patients xvith this affliction is consti- 
pation. Spontaneous intestinal movements are very infrequent Consti- 
pation is often noted shortly after birth. If the megacolon is not 
dtg 
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corrected these children usually do not develop normally Because 
of the abdonwnaJ distention they are poor eaters” and are mainour 
ished rianng of the margins of tfie ribs and deformities of the thorir 
from long continued abdomin'd distention may result More serious 
tlian these complications are Uic repeated obstructive enses with 
vomiting and tremendous distention of the abdomen to which such 
patients are subjected Occasionally these episodes are due to a long 
mesentery with associated volvulus of the elongated and enlarged 
bowel but often there is no mechanical obstruction aside from few! 
impaction 

Not all persons who have megacolon requue surgical treatoeat 
In the milder form of the disease medical treatment may give satis- 
factory results In another group of cases an obstructive band stneture 
or diaphragm will be found m the lower portion of the rectum Cot 
tection of this may entirely alleviate the condition When such ob- 
struction is of many years standing however the dilatation hyper 
trophy and atony of the proxunal portion of the bowel are often 
irreversible and colectomy will be required m addition to relief of the 
rectil obstruction 

S>’inpathectomy has been advocated as a method of treatment of 
persons who have this disease In our experience it is not a sahsfactwy 
procedure In cases m winch the disease is advanced, sympathectemy 
seems of httle value In cases tn which the disease is in an earlier 
stage sympathectomy is often of striking immediate benefit but unfw 
tunately if these patients are followed for a sufficient period after 
operation it will be found (hat from one to several years later many 
have a complete recurrence of the condition Bilateral lumbar sjto 
pathectomy is also disadvantageous for males because of its posable 
deleterious effect on tlie generabve organs In the present senes there 
were two patients who stated that they had undergone sympathectomy 
without benefit. Colectomy provided a good result for both 

In cases of megacolon the mesentery of the colon is always long eno 
redundant This apparently results from the long continued puB « 
the heavily distended colon on its attnehments Because of the 
length of the mesentery iNiIectomy is more easily accomphshed «i 
these cases thin m any other conation The entire colon, is usw^uy 
easily delivered into a low left rectus incision We have noted cn 
many occasions that the lymph nodes m the mesocolon or 
are unusually enlarged in cases of megacolon When excised 
nodes show simply the changes characteristic of chrome inSainnia ® 
The bowel itself is the site of a most unusual alteration The 
haustrations are completely obliterated The bowel is 
dilated and somebmes (when flie patient is an adult) is 8 ® , 
inches (20 to 23 cm ) m dianw^er (fig. 397) The wall of the 
IS thickened and leather) m Ae involved segment If the disease 
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not involve the entire colon, that portion which lies proximal to 
the involved segment will also be dilated but in this portion the walls 
are thin and haustrations are present. This dilatation is secondary to 
chronic obstruction and is not a part of the disease process. 

In the performance of colectomy for megacolon a lower left rectus 
incision is commonly employed. The colon is remo^'ed from a point 
immediately below the diseased region around to a point well proxi- 
mal to ie involved segment. It is not necessary to remove extra 
lengths of colon in order to be able to approximate the remaining 



Fig 397.— Megacolon, showing enormous dilatation and hypertrophy of entire 
colon The specimen was removed from a white man, twenty-three years of age, 
who had suffered from severe obstipation from infancy. Note the enlarged lymph 
nodes in the mesocolon. 

ends. In cases of megacolon, because of the increased length of the 
mesentery and the resultant mobility of the bowel, a remaining end 
of sigmoid can be approximated easily to any other portion of the 
colon with the possible exception of the splenic flexure in occasional 
cases. 

Removal of the mesocolon is not indicated for therapeutic reasons 
but colectomy is facilitated if the mesocolon is removed. In so doin" 
the large arteries and veins of the Tnesentery are severed close to llieir 
point of origin rather than distally where they have branches and 
ramifications which require many ligatures. After colectomy primary 
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anastomosis may be performed and xn manj cases this plan has been 
successfully consummated It is better in our opinion, howeier to 
exteriorize the remaining ends of the intestine and close the eatenc 
stoma later In tiiese cases in which the patients are m poor condilioQ, 
the extra bme necessary to perfonn pnznary anastomosis is rftea not 
justified. With the newer adjuncto to closure of an entenc stoma whidi 
we have previously described* the closure of the stoma at the second 
stage is a relatively minor procedure which is associated vnth a leiy 
low risk 

A more stringent reason for employing the extenonzabon procedure 
IS found m those instances in which megacoloo involves the rectoa 
and rectosigmoid as well as more proximal segments Permanent colos- 
tomy IS not neces arv for such patients If the proximal discised 
segments are extirpated and the rectosigmoid and rectum are de- 
funchonalized for a time 'is necessanly occurs m the extenonzabon 
procedure a remarkable cliange takes place After the fecal stream 
has been diverted for several months from the enlarged rectum and 
rectosigmoid these segments shrink to approtimately Dormtl or oeai^ 
normal size Their walls become soft and thin as in normal bowel 
and radiologicall) proctoscopically and by direct inspection thev 
appear normal After the stoma has been closed and the fecal stream 
once more passes through these formerly diseased segments a 
degree of recurrent dilatation may take place It has been our repeatfd 
observation however that so far as the function of the bouel is «o 
cemed these patients are normxl 

In a few enses after resection whether it be done m one or b'o 
stages a temporary distressing type of intestinal dysfunction will o^ 
velop This may first appear several weeks after operation It is char 
actenzed by abdominal cramping paw and short penods of abdon^i 
distenbon and consfapation Intermittently there may be 
\ omihng sometimes occurs These episodes may be very tranb^^ 
occasionally they will last for many days Often they are precipitstw 
by an infection of the upper part of the respiratory tract or 
other type of infection Plain roentgenograms of the abdomen 
moderate dilatation of both small and large bowel vvhidi ^ 
segmental This distressing stale is not due to organic 
the bowel It seems to be a spasm and functional derangement oi 
normal peristaltic activity of the intestinal tract It may be ^ 
intestine which has been accustomed to wotking for years 
high pressure gradient ss m megacolon must undergo a 
adjustment after the obstruction is relieved During these periods 
intestinal dysfunction the admimstration of belladonna m 
doses oft«i bnngs early and adequate relief To prev ent this ois^ 
aoce we have recently advocated the routine admmistration of 
donna for several months after conclusion of the operation 
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The average age of tire thirty-two patients who had megacolon in 
this series was 14.4 years. Twenty-five were twenty-one years of age 
or younger. The youngest patient was one and a half years of age. 
Twenty-seven patients were male and five were female, a ratio of 
more than 5:1. Twenty-nine patients were operated on according to 
the previously outlined plan of colectomy and exteriorization of the 
remaining ends of bowel as the first stage with subsequent closure 
of the stoma. On two occasions one-stage ileosigmoidostomy and 
colectomy was performed. In a tliird case ileosigmoidostomy as tlie 
first stage was followed hy subtotal colectomy as the second stage. 
In no instance was total colectomy with removal of the rectum and 
establishment of an artificial abdominal stoma found necessary. Ap- 
proximately 30 per cent of these patients bad megarectum in addition 
to involvement of more proximal segments but, as we have previousl)’ 
indicated, good results were obtained without resection of the rectum 
even when this portion of the bowel was involved. Tliere were three 
postoperative deaths in the hospital (9 per cent). Two deaths resulted 
from peritonitis; the third from pneumonia. 


POMTOID DISE/\SE OF TlIE COLON 


Polypoid disease of the colon is a condition in which there are 
several to many adenomatous polypi throughout tlie large intestine. 
Sometimes the disease is sharply limited to one segment of the colon; 
namely, the rectum. In those cases in which colectomy is required the 
entire large bowel is usually involved. The actual number of polypi 
in any one case in which colectomy is required may vary from a few 
scattered polypi (“multiple discrete pol^-pi”) to many hundreds of 
large and small adenomas. The latter condition, in which a major 
portion of tlie lining of the large intestine is densely studded xvith 
many polypi, is termed “diffuse pol>’poid disease” (fig. 398). 

Diffuse polypoid disease of the colon is most often a familial disease 
and when one person is found to be affected it is always wise to urge 
examination of the other members of the family. This disease is pri- 
marily one of early life but is quite rare in preadolescent children. 
Those afflicted often have a tendency to frequent intestinal move- 
ments but this, being of gradual onset, does not occasion concern to 
the patient. Medical consultation is usually delayed until gross melena 
or attacks of cramping abdominal pain give cause for alarm. The 
results of physical examination are usually negative, except that when 
digital rectal examinaUon is perfonned, a soft “pebbly sensation” is 
imparted to the examining finger as it passes over the many small 
adenomatous polypi. ^ 


Proctoscopic examination is very important and should always be 
perforrned by a competent specialist in proctology. The proctologist 
must determine whether or not he can eradicate all of the polypi in 
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the rectum and rectosigmoid by fulguration. On this detemimation 
will rest tlie decision as to the necessity of permanent ileostomy. Ac- 
curate roentgenograms following the administration of barium and 
using the air insufBation technic are necessary to delimit the extent 
of the disease before operation (fig. S99}. Roentgenography is more 
reliable in determining the presence of polypi m the colon than is the 
palpatmg hand of the surgeon Small, soft mucosal polypi are noton- 
ously difficult to feel through the intestinal wall at the time of lapar 



Fig 338~P»i>pos(s coll The enU/e colon is studded with uinurnerabie big* 
and small polypi The specimen was obtained at operation on a wlute 
thirty nine years of age, who complained of dnrrhea and occasional mewa 
set years duration A preoperative roentgenogram of this same patient h 
picted in figure 3^9 

oloroy Large, firm, easily paipaWe po\ypt have usvially uudergoae 
malignant degeneration , , . 

Surgical treatment is always indicated in cases of poljposis of 
colon The danger of delayed car etpectant treatment lies m 
that these polypi invariably undergo malignant degeneration 
often this has abready occurred when die patient is &st seen Soffl® 
times a large infiltrating cancer is found in some segment 
When such a frank malignant lesion is found m a colon wbeh is 
site of diffuse polypoid disease there will almost always be sev 
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01 many other polypi which have undergone similar but less advanced 
carcinomatous change. It would seem as though the polypoid (^ease 
may lie donnant and benign for many years but once malignant 
change takes place it affects not one polypus or one segment of the 
colon but many polypi in different locations at tlie same time. When 
cancerous change supervenes, the prognosis following surgical treat- 
ment is no longer that of a benign disease but that of cancer of the 
colon. The earlier surgical extirpation is undertaken, the less oppor- 
tunity there will be for carcinomatous changes to have occurred. 



Fig 399 — Preoperalive toentgenogram of polyposis coli using the air insuffla- 
tion technic. Innumerable large and small polypi are clearly visible. The resected 
specimen from this same pahent is shown m figure 398. 

For the patient from whose rectum and rectosigmoid the proctolo- 
gist can eradicate the pob^pi by fulgiiration, many different methods 
of colectomy have been advocated. These vary from one-stage resec- 
tion and anastomosis to procedures involving four or five stages. The 
safest and most satisfactory procedure would seem to be a two-stage 
anastomosis and lesecUon widi subsequent electrocoagulation of the 
polypi of the rectum and rectosigmoid. 

In cases of polypoid disease of the colon the mesocolon is of average 
or normal length. The colon is, therefore, not as easily mobilized as 
it is in cases of megacolon. The first stage of the operation is carried 
out through a lower midime or lower left rectus incision. After pri- 
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mary exploration of the abdomoi the jleum is divided about 12 to U 
inches (30 to 36 cm ) from the cecum and both ends are inverfetl 
Isoperistaltic side to side ileorectosigmoidostomy is then accomplished 
using an open method of anistomosis When the colon is opened the 
poljpi at the immediite site of anastomosis are ligated and excised 
under direct vision Often they are so numerous that ten to twehe 
polypi will have to be excised m this manner to obtxm sufBaent cleat 
mucosa for unhampered anastomosis 
At the second stage resection of the colon is accomplishetl with 
greatest ease through a long transverse incision which is placed 1 to 2 



(1) icrwcT left rectus incision for ileosigmoidostomy at the first stage U; W 
upper abdominal transserse incision for subtotal colectomy removing the ro s 
from the cecum to the lieosigmoid junction 

inches (25 to 5 cm ) -ibove tlie umbilicus and divides both recto 
muscles (fig 400) If the piticnt is tnll and asthenic, minor variations 
tb.vfi mcxsxow may psowde access In live three lacaiions wos* 

difficult to mobilize namely the hepatic flexure the splenic flexure 
and the rectosigmoid region (fig 401) The terminal portion of the 
ileum and the entire colon down lo tlie anastomosis m the rectosis 
mold area are then removed The procedure is ficihtated by remo'a 
of the mesentery although this is not actmlly necessary except 
a fmnbly mahgmnt lesion is present The bowel is divided inun 
ately above the ileoreclosi^noid amslomosis and the remamiog 
js inverted 
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After the pabent has reco\ered, proctoscopic fulguration of the ic 
mainmg polypi m the rectum and rectosigmoid is undertaken If this 
IS done before operation it will be advisable to wait several weeks 
before attempting the first stage of the operative procedure Electro- 
coagulation produces edema and scarring of the intestinal wall which 
lends itself poorly to intestinal anastomosis To obviate this delay and 
avoid the increased risk of anastomosis after fulguration, the major 
surgical procedures are always completed first 

In those cases m which carcinoma of the rectum has already de 
\ eloyaed or the polypi are so numerous that they cannot be eradicated 



Fig 401 —Subtotal colectomy for polyposis coli A vanation of tbe incision 
demonstrated m figure 402 (1) lower left rectus incision for ileosigmoidoslomy 
(2? long oblique incision for subtotal colectomy removing the colon from the 
cecum to the ileosigmoid juncture 

proctoscopically, total colectomy is necessary At the first stage a 
single barreled ileac stoma is provided At the second stage the entire 
colon down to the lower part of the sigmoid is removed through a 
long transverse incision (fig 402) Subsequent combined abdommo 
perineal resection completes the tush When total colectomy is per- 
formed m this manner it is often several weehs after the first stage 
(ileostomy ) until the third stage (combined abdominoperineal resec 
tion) is consummated For this reason it may he advisable to alter 
the procedure for those patients who already have caranomatous 
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degeneration of rectal polypi He period of waiting before the rectal 
malignant lesion is removed may provide sufficient tune for metastasis 
to take place or local extension of the growth to occur An alternate 
plan which obviates this is to perfonn as a preliminary procedure 
combined abdominoperineal resection with establishment of a single 
barreled colonic stoma At the second stage ileostomy may be per 
formed and m subsequent stages the remainder of the colon may be 
remov ed 

There are nineteen cases of surgically treiled polypoid disease of 
the colon in the present series 


Fig 402 —The incisions employed tn lolaJ colectomy (I) muscle spiitt®S 
type incision for ileostomy (2) Jong transverse upper abdominal mas on iw 
subtotal colectomy removing all of the colon down to the lotver sigmod (31 
lower left rectus mcuion for combined abdommopenneal resection 

Nine patients had a family history of poljpoid disease or cancer 
of the colon A hi^er number of patients having a familial bat* 
ground probably would be discovered if extensive mvestigabon o 
this phase of the personal history were made but it also seenw un 
doubtedly true that this disease does not always have familial ten 
dencies Diffuse polypoid disease of the colon rarely occurs m imanb 
or children One of us (C F D ) has seen two patients each 
months of age Surgical treatment was refused Solitary polypi sa^ 
multiple discrete polypi are found fairly commonly m this age group 
The diffuse form of die disease, sudi as is depicted in figures 395 an 
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S99, is a disease of adult life. In the present series all the patients except 
one had diffuse polypoid disease. The one exception was a boy, eight 
years of age, who had mulb'ple discrete polypi. The condition was 
properly treated by subtotal colectomy. The colon from the hepatic 
flexure to tlie lower part of the sigmoid was extirpated in one stage. 
The resected specimen contained ifliree widely separated large polypi. 

The youngest patient— except the two mentioned previously— who 
had diffuse polypoid disease of the colon was twenty-one years of age. 
The average age of the nineteen patients was 33.5 years. Three sub- 
jects were in the sixlli decade of life but none were in the seventh 
decade or older. Thirteen patients were male and six were female, a 
ratio of 2:1. All of the subjects in this series presented one or both of 
two predominating complaints, melena and diarrhea. One subject had 
had frequent loose intestinal movements, attacks of abdominal cramps 
and intermittent melena for thirty-four years before surgical inter- 
vention. The average duration of symptoms before surgical treatment 
was undertaken was 8.8 years for the entire group. 

It is di63cult to establish tlie incidence of carcinoma in the resected 
specimens. In most adenomatous polypi of any size changes are 
present which can be designated as adenocarcinoma, grade 1 (Bto- 
ders’ method). Some very small lesions are found to be carcinomas of 
higher grade. However, if we limit the incidence of carcinoma to those 
cases in which frankly invasive malignant lesions have spread beyond 
the confines of the polypus and established themselves in the intestinal 
wall there are five cases (26 per cent). 

Seven subjects were treated by ileosigmoidostomy at the first stage, 
subtotal colectomy at the second stage and fulguration of the remain- 
ing polypi in the rectum and rectosigmoid at the third stage. For two 
others the procedure was essentially the same except for the fact that 
two stages were needed for subtotal colectomy. The terminal portion 
of the ileum and the colon around to the splenic flexure were removed 
first riud the remamder crf the left poTtiou of the colon down to 
ileosigmoid stoma was removed later. Subtotal colectomy was per- 
formed in three other cases. In two of these the disease could be en- 
tirely eradicated by removing the colon from the hepatic flexure to 
the lower sigmoid region. The rectum and rectosigmoid being free of 
disease, subsequent fulguration was not required. In one of these two 
cases resection and anastomosis were performed at a single operation. 
In the second case the ends of bowel remaining after colectomy were 
exteriorized and the stoma was closed later. In the remaining case of 
subtotal colectomy anterior resection of the sigmoid with inversion 
of the rectosigmoid stump and establishment of a single-barreled 
colonic stoma was performed at the first stage. At the second stage 
ileorecfosigmoidostomy was performed. At the third stage subtotal 
colectomy, removing the terminal portion of the ileum and the entire 
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colon do>vii to and includiBg the previously established single bar 
reled descending oolonic stoma sais performed The tasi \<.as co't\ 
pleled at the fourth stage bj fulgurabon of the polypi in the r«> 
tow 

There were five inslancea of total colectomy for polypoid ^ease 
of the colon In four cases total colectomy vi as successfuhy earned out 
by prehminary single barreled ileostomy, subtotal colectomy at tlie 
second stage and combined abdominoperineal resection or postenor 
rest-choa at the tliird stage In the reniaxnmg case of total colectomv 
the procedure was nltered to include ileostomy at the Bist stage rein- 
bmed abdominoperineal resection with establishment of s sm^e- 
barreled colonic stoma at the second stage and colectomy xemovTac 
the remainder of the colon at the third stage Two more subjects for 
whom total colectomy was planned succumbed after subtot^ ccdec- 
tomy at the second stage The vacations in operative methods m diese 
cases w ere occasioned by the presence of cancerous changes in ihe 
colon and rectum or inability to eradicate the polypi m the rectusi 
‘vnd rectosigmoid by fulguration 

In the entire senes of nineteen cases there were two postoperative 
hospital deaths {11 per cent) One patient died of generalized penta- 
mtis The second patient Iwd chrome ulcerative tohlis in addificiii tu 
diffuse polypoid disease of the colon The pol>pojd disease in tlw 
subject was not the inflammatory ty^ie of formation of polypi whidi 
is so frequently encountered m cases of chrome ulcerabve cohta fei'’ 
gentrahzed adenomatous polyposis This patient succumbed fre® 
manitioo and pcntomtis 

The results of surgical treatment of dif^u^e polypoid disease of t»« 
colon are good if the treatment is carried out before mab^ant changw 
hive taken place Several of the patients in this senes have 
lowed for many years since their operation and are apparently «i 
bealtli Tliose patients treated bv subtotal colectomy with fulgiirati^ 
of the remaining polypi in the rcclmn and rectosigmoid should^ 
examined proctoscopically at regular intervals so that recurrent pobT” 
vvill be recognized early and ehroinaled 

CllROMC tlLCFRAtlVF COUTiS 

Bargen h is classified ulcerative colitis mto several types Type 1 
IS the most frequent It is a diffuse process winch starts in the 
und progresses prommally to Involve the entice colon This crmaiba 
IS usually a disease of early adult life It is extremely difficult 
either medically or surgically As long a& the medical treatment cl ^ 
condition is as satisfactory as it is in most cases (few 
classified as cured by mescal treatment but many can be ^ ^ 
to the point of being useful citizens again) the present forms ot 
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gical treatment are indicated for intractable cases Surgical treatment 
m\olves the necessity of performing ileostomy When good general 
healtli can be maintained without surgical treatment it is far more 
satisfactory for patients afflicted with the disease to have five or six 
bowel movements a day by rectum than a practically continuous dis- 
charge of liquid feces night and day from an ileac stoma 
Moreover it should be noted that the diversion of the fecal stream 
by ileostomy does not necessarily cure the disease in the colon The 
patient still may ha\ e acute exacerbations and m interim periods the 
inflammatory process continues to smolder We know of one instance 
in which the rectum and a small remaining portion of tlie pelvic colon 
were removed twenty five ^ears after they had been completely de- 
functionalized following ileostomy and subtotal colectomy On patho- 
logic examination of the resected specimen it showed all the changes 
of chronic and recently active ulcerative colitis Heahng had not oc- 
curred after the rectum had been defunctionahzed for twenty-five 
years In many cases ileostomy has been performed for persons who 
had chronic ulcerative colitis Comparatively few ileac stomas have 
been subsequently closed with resulting intestinal function approadi- 
ing normal In view of these opinions surgical treatment of chronic 
ulcerative colitis has been limited to those patients who (1) show 
prolonged mtractability to medical treatment or (2) have complica- 
tions of the disease such as perforations, strictures, a malignant lesion 
or repeated gross hemorrhage Ileostomy is performed for patients 
who have tins disease, not with the idea in mind that the stoma will be 
closed later but with the intent of subsequently performing colectomy 
Better surgical results and a lower operative mortality rate can be ob 
tamed if surgical treatment is instituted relatively early in the course 
of the disease The difficulty with this practice is that many persons 
will be handicapped by ileostomy who, were they given further medi- 
cal treatment, might recover witliout operation 
Surgical operations on the colon and the terminal portion of the 
ileum m cases of active chronic ulcerative colitis are associated with 
high morbidity and mortality rales Tins is occasioned by two mam 
facts (1) the extreme metabohe difficulties attendant on establishing 
an ileac stoma when the patient is already metahohcally depleted and 
(2) the grave danger of infection Tlie slightest intrapentoneal 
manipulation of the diseased intestine may result in peritonitis It 
has been demonstrated that if a retention enema of carmine red or 
some similar d>e was given to a person who had chronic ulcerative 
colitis before operation, even gentle handling of the diseased bowel 
at laparotomy caused the particles to appear on the ^oved hand of 
the surgeon It is not unlikely that bacteria find their way through 
the diseased bowel in a similar manner during the manipulations 
incident to operation 
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In cases of chronic ulcerative colitis the colon is contracted short 
ened narrowed and thick walled Hie mesentery is usually thickened, 
inflamed and much shortened Hus shortening of the mesentery in 
creases the difSculties of mobilizing the colon in performance of 
colectomy Hiree or more stages are often required for the total tx 
tirpation of the colon For the first stage a small muscle sphtbng in 
cision m the right lower quadrant is utilized Hie peritoneal cavity 
IS not explored The terminal portion of the ileum is located and de- 
livered into the inciSion Oftentimes this disease involves a small seg- 
ment of the terminal portion of the ileum The bow’d is carefully 



Fig 4113-CMone uimative colilu type 2 showing nsnowing t . -t. 

ulceration and thicken ng of the bowel and mlcstinal watt A segmOTi 0 / 

portion of the colon the tectum and the lower pail of the sigmoid ^ 

disease The specimen was obtained at operation on a while man ninet 
of age who had had bloody dianhea for four years 

inspected and a point for division is selected at least l2 
(30 cm ) proximal to the diseased region Jf this 
observed the disease may subsequently spread orad above 
stoma and grave complications ensue The ileum is then 
The distal end is mverted and replaced in the peritoneal cavity 
proximal end is extenonzed as a single barreled ileac sloros 
second stage may well be perfonned through a long 
Sion dividmg both rectus muscles At this operation the e 
portion of the ileum, right portKm of the colon, transverse co 
as much of the left portion of the colon as possible are ettirpa 
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the thud stage combined abdominoperineal resection concludes the 
total removal of the colon 

In cases of chrome iilcerati\e cobtis, tjpe 2, of Bargens classifica 
hon the terminal portion of the colon is free of disease The more 
proximal segments are, however, shortened, narrowed, thickened, in 
flamed and ulcerated and the mesentery is contracted, thickened and 
friable (fig 403) This is a segmental form of colitis which patho- 
logicallj and probably cbologicallj is different from tj’pe 1 It is rather 
uncommon, Jess than 10 per cent of all cases being of this type It is 
much more amenably to surgical treatment than t>’pe 1 ^^hen the 
rectum and rectosigmoid are free of disease permanent ileostom> can 
be a\oided Postoperatix e infections are less common m this form of 
ulcerativ e cohtis than in type 1 With mcreasmg expenence of ulcera 
ti\ e cohtis, type 2, w e ha\ e come to behe\ e that, if response to medical 
treatment is not prompt and sabsfactoiy, surgical treatment should be 
mstituled without dela> 

Short cucuitmg procedures alone are of no value m this condibon 
Exen though the diseased region may be completel> cucumxented, 
the patent often conbnues in lU healdi as long as the diseased colon 
remams A more strmgent reason for axoidmg short cuembng opera 
bons without subsequent colectomy is the danger of spread of the 
disease to the region of the anastomosis This will frequently occur 
unless the diseased tissue is extirpated When it does exentuate, the 
anastomosis will have to be replac^ at a loxx er lex el if this is possible 
or a permanent ileac stoma xvdl have to be established For these rea 
sons colectomy is earned out as soon as pracbcable at the second stage 
after performance of ileorectosigmoidostom> at the first stage 

The usual procedure in this type of cohtis is side to-side ileorecto- 
sigmoidostom> at the first stage, the anastomosis being placed as far 
below the diseased region as possible This is foUoxxed bj subtotal 
colectomy at the second stage, all the colon bemg remoxed doxvn to 
the site of anastomosis For those pabenls the loxxer part of xxhose 
sigmoid as xx ell as the rectum is free of disease partial colectom) can 
be performed as a primary procedure, the proximal end of bowel and 
the end of the loxx er sigmoid bemg extenonzed The resulhng double- 
barreled stoma can be closed later Occasional!}, one-stage reseebon 
and anastomosis xxtII be indicated 
There are sexenteen cases m xxhjch colectom) xxas performed for 
chronic ulcerabve colitis Ten xxere classified as t>pe 1, sexen as 
t>pe 2 Nme pahents xvere male and eight xxere female The axerage 
age xx-as 31 8 years Bloody diarrhea xxas the predominatmg symptom 
The axerage durabon of symptoms before msbtubon of surgical treat 
ment m the sexenteen cases xxas 95 jears Colectomy xx’as mdicated 
in all cases because of intractability to medical treatment In sex en 
cases there xxere addibonal senous compheabons xxhidi necessitated 
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surgicil treatment Four patients had obstructing colonic or recta! 
strictures, one a persistent fecal abdominal fistula, one intractable 
pyoderma and one, a supenmposed colonic malignant lesion 
Total colectomy « is contemplated for ill of the ten persons who 
had ulcerative colitis type 1 Actually total extirpation of the colon 
was consummated m onl> two cases In the remaining eight subtt^a! 
colectom) wis performed the rectum and pelvic colon remaining 
Some patients died after subtotal colectomy and before the remaining 
segments of colon uere lemoved Others are living folloiving perfonn 
ince of ileostomy and subtotal colectomy but have not yet had the 
remainder of the bovvel removed In five of the seven cases of colitis 
type 2 ileooolostomy was performed as the first stage of the operation 
and was followed by subtotal colectomy In one, prunarj colectoto) 
with exteriorization of the remaining ends was per/ormed The result 
mg double barreled stoma was closed later In the seventli case on^ 
stage resection and anastomosis was performed 
In the seven cises of cohbs tvpe 2, there were no postoperative 
deaths in the hospital ind the results of surgical treatment have been, 
in the imjont} of instances gntifjmg In the ten exses of colihs 
type 1 there were five postoperative deaths Four patients died w 
generalized peritonitis and one of bronchopneumonia 

OTHER C0^D^T10^S UEQUIRINC COLECTOMY 
^fulUplc stjnc/ironous u-itfcltf separated carcinotnas of die eoliw 
may require colectomy The following report is of such an instance 

Cass 1 — a vvhife woman fiftv >oars of ap, tmderweot UparMomv ^ 
taremoma of the siamoid At operatioi* m acjdmon to the sigmoidal Jesoo a Ui^ 
tvrciRoma of the cecum was found Tlic condumn wav treated b> subtotoi co 
toniy One stage resectson of a portion of the temninl segment of the lieuffl an 
the colon with its attached mesenlcry from t1 e cecnm to the rectos^o u 
ture was performed Intestinal contmuUy was tegiineti by s de to-side i!wi« ^ 
sigmoidostomy The patient made a sansfactory recoveo Palbologicaiy ^ 
lesion was an aderocarcinoina gnde 3 (Bsoders) type B (Dules) 
moidal lesion was a polypoid adcnocarcinofna grade 1 (Btoders) type A 
(fig 404) 

Multiple asynchronous surgically treated tolomc mahj^nant 
will often also eventuate in extirpation of long segments of the co 
One patient on whom we recently operated had had 
asynchronous colonic carcinomas Rij^it hemicolectomy had been 
formed thirteen years previously resection of the descending 
eight years previously and at the last operation resection of ^ 

sigmoid and rectosigmoid All that remained of the colon o\' 
the last procedure was a iiortjon of the transverse colon me 
fievtire and the rectal stump In tins review no attempt has been 
to collect all cases m whidi colectomv was peifonn^ fot cancel 
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Fig 404 — Subtoul colectomy for multiple syncluonoiis carcinomas of the colon 
The cecal lesion is an adenocarcinoma grade 3 (Broders) t>T)e B (Dukes) The 
sigmoidil lesion is a polypoid adenocarcinoma grade 1 (Broders) type A (Dukes) 
The specimen was obtained at operation on a while woman fifty si-t years of age 

The following case of dwerticutosis and diiertictditis of the colon 
indicates how colectomy may be occasionally necessary m this con 
dition 

Case 2— A white man Eft> si\ years of age presented extremely extensive 
div erticulosis extending from the hepatic flexure to the lower part of the sigmoid 
The entire sigmoid colon was in\ohed by perforated diverticulitis The patient 
stated that he had undergone low midlme transverse colostomy At the first op 
erafion at the Cbnic tlie transv erse colonic stoma was relocated in the upper rmd 
bne and the sigmoid colon was resected Tlie proximal end of the descendmg 
colon was inverted The ileum was transected and side-to-side ileorectosigmoi 
dostomy was performed At a later dale to nd the pabent of the remainmg diver 
ticula and the transverse colostomy which existed as a mucous fistula the colon 
from the cecum to the mverted end of the descending colon was removed 

The next case illustrates how colectomj may be the method of 
choice in eliminatmg 7niiltiple fecal abdominal fibulas 

Case 3 -A white woman forty seven years of age stated that she had been 
operated on for diverbcuUbs of the sigmoid several years pnor to admission and 
that several subsequent operabons been performed for recurrent inlesbnal 
ibstruction and fecal abdommal fistulas ^Vhen fint seen she presented a fecal 
fistula m the right lower quadrant wbidi arose from the cecum There were two 
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trai]5verse colomc stomps and three widely separated fistulous cpeamgs annag 
from tJie left side of the colofl At the £rrt stage of the operation ileosigmoiiM. 
lotny was performed The colon from U»e cecum to the point of jleoagmoid aa 
astomosis and all of the fecal fistulas and colomc stomas were subsequeDdf le- 
moved m two stages 

Occasionally colectomy is performed to extirpate a long se^st 
of defunclionalized colon, one segment of which has been ettenwu«3 
and exists as a mucous The foSimving case is illustrative 

Case 4 —A white man, forly-^e years of age, stated that he had UBdergoae 
pjrbal right colectomy and ileotransverse cohstomy m 1915 and that shortly 
ihweafler ileosigrooidostomy had been peifonned because of obstruction at lie 
sue of the former anastomosis When the pabent ivas fiist seen at die Clmie la 
192<3 the ileosigmotd stoma bad contracted and was causto? ! 

obstruction The portion of stgiaoul «v»>* 
ileum was transected, a new ileosigm • 

end of the upper part of ftie sigmead 

teen years later the patient rehimed c .,u vi me mucous fistula This 

was accomphshed removing aJl die remaining colon promnai to the eflenof 
wed end of the upi>er part of the sigmoid 

SU^MfARV 

This report is based on seventy*tWQ consecutive cases of total w 
subtotal colectomy In thirty*two cases the operation was peifoniied 
for megacolon in nineteen for polypoid disease ^ the colon, in scvfio 
teen for chrome ulcerative colitis and in four for miscellaneous con 
ditions 

In cases of ffiegacolon, the mesentery of the colon £s elongated 
cases of polypoid disease it is of average or nonnal lengtli and iQ casef 
of chronic ulcerative colitis it is shortened and thiclceDed 

Megacolon is often best treated by primary partial colectomv, « 
terionzing the remaining ends of bowel and subsequent closure of 
colonic stociia It is not necessary to remove the rectum and 
Sigmoid in cases of megacolon involving these segments Resection w 
the more proMmal diseased segments and defunctionalizatioa of nif 
rectum and rectosigmoid followed by late closure of the colomc stonu 
provide good results 

In. many cases of polypoid disease of the colon the best procedif 
IS ileorectosigmoidostomy at the first stage, subtotil colectomy at 
second stage and fulguration of the remaining polypi m the rectu® 
and rectosigmoid at the third stage For those persons who have 
in the rectum and rectosi^noid so numerous that the provtoiogi 
cannot eliminate them by electrocoagulation methods and for t{io« 
who have cancerous degenerafiMi of rectal polypi, total colfdo®'' 
with establishment of a permanent single barreled iJeac stoma isn«*5 
saiy j 

Surgical treatment is provided for only those persons having u/oe 
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tive colitis, type 1, who show prolonged intractability to medical treat- 
ment or who have severe complications of the disease In cases of 
ulcerative colitis, type 1 m which surgical treatment is indicated, pre 
hminary ileostomy is followed by subsequent total colectomy when 
ever possible In cases of ulcerative colitis, type 2, ileorcctosigmoid 
ostomy at the first stage is followed as soon as possible by subtotal 
colectomy at the second stage 

The postoperative (hospital) mortality rate after colectomy for 
megacolou was 9 per cent and for polypoid disease 11 per cent For 
intractable ulcerative colitis (types 1 and 2) there were five deaths 
in seventeen cases (29 per cent) None of these deatlis occurred in 
cases of ulcerative colitis typo 2 
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RLUfARKS C0\CEUN1NG M\UG\ANT LESIONS, POLYPOID 
DISEASE and DnEHTlCDLA OF THE TERMINAL 

poution oi the large intestfse 


Louis A Ruie 
MAUCNANT LESIONS 

The physicnn m general practice is responsible for the earl) diag 
nosis of lesions of the temmral portion of the large intestine A patient 
whose s>mptoms are referable to the largo intestine does not (^ten 
consult a specialist early m his illness Many patients will use home 
remedies first Physicians howexcr are more alert to problems of th s 
i.ind tlian eier before and probibh they detect tlie lesions moreoftw 
now tlian formerly 

“Rectal trouble” is the complamt of many patients who have car 
cinoma of the terminal segment of the large intestine Far too maBy 
of tiiem have been treated for some other supposed rectal condibcm 
and tlie carcinoma has remained undiscovered As soon as a peisot) 
notices any peculiarity of function of the large intestine he should coa 
suit his physician Most persons however, procrastinate Therefois 
when the patient has summoned sufficient courage to seek consult! 
tion the physician s examination should be thorough Fiom “ui edu 
cational standpomt he should encourage those affiicted with recW 
disorders to present themselves for examination early and he should 
convince them of the needlessncss and danger of false modesty Only 
m tins manner will it be possible to shorten the penod of uncertaiflt} 
which may be tragically costly 

Age and Sex —Of those who have malignant lesions of the lir?^ 
uitcstine the average age is approximately fifty five years Almost w 
per cent of the patients are more than forty years of age but a sma 
percentage are less than twenty years old and occasionally tWmCS 
less than ten years of age arc afflicted Sixty five per cent of the p 
tients are men 

Patliology —Approximately 95 per cent of the lesions are aae«^ 
Carcinomas Stxtv five per cent are 6 cm m diameter or larger so 
approxiimtely 65 per cent possess some degree of immobility m ^ 
fixed entirely Only 1 per cent of the growths that I have seen we 
lesions of grade 4 {Broders method) 15 per cent were of grade 
59 ptr cent of grade 2 and 45 per cent of grade 1 ^ 

The usual classifications of caranoma of the large intestine paP 
hferous medullary mucoid or scirrhous designate different 
ities which may be found w the adenoid form of evremoma Less 
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fusion results if thej nre all included m the general term of “adeno 
carcmoim ” 

Ltjmphatic Invoiccmcnt —Examination of the l>'mph nodes should 
indicate the presence or absence of metastasis and all relexant nodes 
should be examined Sometimes no exidcnce of distant metastasis will 
be found near the primary growtli Tlie lesion may ha\e metastasized 
to the h\er even though the nodes between the primar> growth and 
the liver are unaffected Often, on microscopic examination evidence 
of malignancy will be found m a node which grossly appears normal, 
on the other hand, a node which seems to be inxoUed maj prove to 
be the site of inflammatory change only 

Situation of the Groi^lh.— Between 90 and 95 per cent of the le- 
sions which can be seen on proctoscopic examination m\ol\e the rec- 
tum, rectosigmoid or sigmoid and onlj 5 to 10 per cent invoUe the 
anus Not all tumors that inxoUe the anus are primarj in tlie anal 
canal, some extend down from the wall of the rectum and involve the 
anus secondarily Approximately 35 per cent of malignant neoplasms 
m the terminal portion of the large intestine mxolve the anus and 
lower half of tlie rectum, GO per cent involve the upper half and 
about 5 per cent involve that portion of the sigmoid which can be 
viewed tlirough the proctoscope The surgeon who performs the oper- 
ation finds it advantageous to determine tlie site of the growth as 
nearly as possible preoperatively In almost 60 per cent of the cases, 
the examiner will find evidence of some degree of obstniction, but 
this difficulty appears as an emergency problem in only 1 to 2 per 
cent of cases 

SjTtnptoms.— Malignant lesions of the terminal part of the large 
intestine may give rise to a wide variety of subjective and objective 
manifestations which may be modified b> many factors In the early 
stages small lesions may not influence physiologic function Early 
carcinoma of the rectum may not give nse to symptoms \\Tien the 
disease is extensive, sjanptoms and signs may develop which are not 
only characteristic of malignancy but also of many other diseases of 
the large intestine The chief complaint is of bleeding m 85 per cent 
of the cases Some patients relate that the passed blood is hght, otliers 
that it is dark, some say that it is passed as clots, and a question as 
to whether it is mixed or unraixed witli the fecal matter may elicit a 
positive response either way All of this proves that not much de- 
pendence, from the standpoint of diagnosis, can be placed on the 
^ patient's account of his s>anptoms in the presence of disorders of the 
large intestine If the patient has passed blood or has noticed anything 
else unusual relative to his intestine or anus or their function, the 
ph>sician must assume that a malignant lesion is present until he 
can prove that no such lesion exists Malignant disease of the terminal 
j portion of the large intestine could be discovered earlier and hence 
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could be treated more successfuBy if discomfort were present frcm 
the beginning Patients who will endure mere irregularities produced 
by disease will hasten to a physician when pam becomes manifest 

Pam as the result of rectal caFcinoma often appears late and the in 
definite discomfort hi^ m the intestine usually is caused by obstruc- 
tion due to the annular type of lesion Occasionally, when the lesion 
involves the sensitive margins of the anus severe pain may occur early 
in the course of the disease However, usually the discomfort is not a 
definite pam but rather a feeling that evacua^on has been incomplete 
because the lesions involve that part of the mtestine in which no 
sensory innervation is present The intestine above the lesion may 
become distended and hyperactive only late in the disease and, conse- 
quently, abdominal discomfort may nev er be expenenced in the early 
period, in fact, it may be considered to be evidence of advanced 
development An indefinite, aching type of pain usually is owing to 
invasion of the pelvic structures by the malignant process, and often 
urinary disturbances are associated mth it 

Diagnosis —DigiWf Exarnination ■^'The presence of a mah^antlfr 
Sion its position and the degree of mobility can be determined by 
digital examination Such etamination makes it possible to perform lo 
teUigently the subsequent proctoscopy If care is taken pain wifi ool 
occur unless a painful lesion is present at the outlet and then 
satm-ated with solution of cocaine, or regional anesthesia should w 
used If the ulcerated base and margins have been mangled by 
digital examination proctoscopic etamination may be impossible 
Blood then fills the rectum and in spite of all efforts to clear it awaj 
the continual oozing from the broken surface of the growth obscures 
the field 

Proctoscopic Examination —Fully 75 per cent of malignant 
which involve the large mtestine occur in that portion which can be 
examined with a proctoscope The progress of the proctoscope must 
be stopped as soon as it enters the rectum when Uie presence oi s 
malignant lesion m the rectum is suspected As soon as the lower pan 
of the rectum has been entered the obturator must be removed an 
every move of the instrument must be watched carefully as it ^ 
pushed gently into the large intestine 

The characteristic finding if a carcinoma is present is a single lesion 
on an otherwise umnvolved intestinal wall It may be a proliferative 
mass projecting from one wall and the remaining walls may b® ' 
jble If the lesion is situated m the intestine where the lumen is smalJ 
a proliferative mass blocking the lumen is more likely to be , 
The intestine may appear to a tube of necrotic tissue with 
fringes which are polypoid or edematous or a necrotic, crater o 
ulcerative lesion with piled up polypoid margins may be ®bserv ^ 
The characteristics of malignancy are found not only m the app^ 
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ance of the lesion but also of the margins of the growtli where a 
definite line of demarcation can be observed between tlie lesion and 
the tissue which it involves. 

POLtTOID DISEASE OF THE L/\RGE INTESTINE 
Polyps are growths which may be pedunculated or may have no 
pedicle and they may occur singly or In numbers. In most instances 
adenomatous features are apparent but polyps may have fibromatous, 
papillomatous and other histologic characteristics. 

In this discussion when multiple polyps are present, the condition 
will be described as “multiple polypoid disease” and a qualifying 
phrase will be used to describe the situation and extent of the proc- 
ess. Thus, the condition will be teimed as multiple polypoid disease 
of the sigmoid when only the sigmoid is involved. 

“Multiple polyposis” has been the term used for the condition in 
which the entire large intestine is involved, but 1 shall employ the 
expression, “multiple polypoid disease of the large intestine." Two 
forms of this disease may be observed grossly and both may be manh 
fest in different portions of the same large intestine. In one, discrete 
polypoid outgrowths in which the sessile types predominate are found 
on Ae intestinal wall but no gross evidence of pathologic develop- 
ment is found in the tissues which intervene. In the other, a diffuse, 
hyperplastic involvement occurs in which many polyps of all types, 
sizes and shapes are found as the predominant feature^ For the first 
form the term “multiple polypoid disease of the large intestine” will 
be used but for the second, “multiple polypoid disease of tlie large in- 
testine with diffuse hyperplasia” will be used. 

Etiology*.— It is possible that the question as to whether polypoid 
disease of the large intestine develops after birth or as part of some 
hereditary, familial or protoplasmic peculiarity may be answered even- 
tually. The problem is similar to the one which deals with the cause 
of pathologic proliferation of tissue and therefore at present is still 
unsolved. 

Polypoid disease is considered by some to be either congenital, by 
which they imply that the disease is due to some inherent factor 
which has developed prior to birtli, or acquired after birth. That 
polypoid disease often is the result of some peculiar cellular tendency 
or arrangement which probably antedates birth is generally assumed. 
However, there is plausible support for the belief that occasionally 
tliesc tumors develop as a result of reparative effort as the body de- 
fends itself against the onslaught of infection and irritation, such as 
those which attend chronic ulcerative colitis. The fact that a heredo- 
fainilial history is so often given by lliose who are afflicted witli mul- 
tiple pol>poid disease of the entire large intestine, supports the hy- 
pothesis that a constitutional factor may be concerned. Often, patients 
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have given a history sufficiently luad to serve as mdisputable proof 
that Similar conditions have existed among relatives and forebears 
McKenney stated that the condition is observed in babies and miB 
children and that members of several generations of the same farail) 
may have the djsc'ise Usually, only those cases in which the eafar? 
large intestine is involved by polypoid disease fit into die heiedo- 
famthal eJassificatiou and the cwnmonly accepted desiguatwa fortius 
form of the disease has been ‘multiple polyposis " 

Incidencc.—'Ilie inadence of polypoid disease of the large mfestme 
cannot be calculated by any tchable mctliod The total number cf 
cases probably would reach unexpected proportions if exhaustive uives 
tigation could be made among the relatives, forebears and descend 
ants of all patients who have found to have the disease A statu 
tical report of only those cases which have come to the atfeatjon cf 
one physician or of those vvorlang m a single institution is of doubtful 
value It is of only academic interest that in a ten year period at the 
Mayo Clmic approximately one of every thirty five patients who com 
plained of disturbed function of the large intestine had polypoid da 
ease 

Cases in which one or only a few polyps were found comprised the 
largest group About GO per cent of the patients were men and 40 pei 
cent were women The average age of patients was about fifty >e^ 
8 per cent were less than thirty, and only about 2 per cent were Je« 
than twenty years of age In a smaller group, composed of eases w 
which multiple polyps and inflammatory disease of the large 
occurred together the average age was thirty eight years and shout 
80 per cent were less than thirty years of age In a sUU smaller group 
of cases of multiple polypoid disease of the entire large mtestme the 
average age of the patients was thirty seven and 42 per cent were 
than thirty years of age, 11 per cent were less than twenty Samisi 
sex distribution was noted m the three groups 

Pathology —ScfSi/i? Pchjps—In routine proctoscopic exaromaii 
probably half the polyps seen are small sessile growths and s^e w 
turbance of function of the large intestine, which bears no rewtjoa 
the polyps is the chief complaint These polyps are 
structure and the diameter is usually from 5 mm to 1 cm 
single polyps do occur, dibgent search always should be . 
others They may grc« out into the lumen oi the intestine w 
developing a pedicle and may grow to enormous size 

Diffuse Polyps —A polypoid condition which leaves no norma 
within the segment which is diseased involves the mucous mem 
m this disease The character of the wall of the intestine ^ 

of the most distinguishing feitures The polypoid disease oexa 
conjunction with, and as a part of, diffuse hyperplasia of the mu^ 
membrane Pedunculated polyps may be associated with tniJ 
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tion Tissue which bears the characteristics of mahgnancy of low grade 
will be found sometimes in a mass of polypoid outgrowth A great 
quantity of mucus is secreted by such lesions and is excreted by the 
patient Many times expulsion cannot be delayed 
Pedunculated Polyps — 'These polyps may occur as smgle tumois or 
m scattered collections If they appear m great numbers heredo 
famihal disease is usually present These tufts of polypoid tissue are 
attached to the wall of the mtesbne by stems of mucosa and mus 
culans which project into the lumen Tbe polyp may be only a few 
millimeters m diameter or it may fill the lumen of the intestine The 
length of the pedicle vanes widely 

Symptoms and Signs —Polyps may exist singly or in large numbers 
within the large intestine for many years and may produce no physical 
evidence of their presence More often single polyps are discovered by 
“accident than because the patient has had symptoms referable to the 
polyp It IS sometimes especially difficult to persuade a patient that 
a single tumor should be removed when the lesion bears no relation 
ship to his major complaint In approximately a third of the cases 
blood has been observ ed m the stool and probably the polyp was the 
source half the tune Single polyps discovered m this casual manner 
are less than a centuneter m diameter in about 80 per cent of cases 

Rarely such a lesion will be discovered for the first time when an 
extensive hemonhage occurs This usually happens when a portion, or 
even all of tlie polypoid mass is tom away from its mooring or its 
sessile base by the effect of peristalsis or of pressure of the intestinal 
content 

Symptoms will not be produced by a smgle growth unless it is of 
sufficient size or occupies such a position as to cause disturbance of 
function Discomfort may result from hyperactivity of a segment of 
mtestine when a large tumor is situated in the lower portion of the 
sigmoid or rectum Abdominal cramps tenseness gas and frequent 
unsatisfactory attempts to empty the rectum may be manifest and 
blood and mucus may be passed Obstruction may supervene in the 
few cases in which the tumors are very large In shll fewer cases the 
pressure on the polypoid mass as the mtestinal action and current 
force it distally may draw a segment of intestme mlo the lumen of 
an adjacent portion and thereby produce intussuscephon 

Some patients who have multiple polyps may have no symptoms at 
all while others may be totally helpless because the large intestme is 
completely involved with diffuse hyperplastic polypoidosis slough ul 
ceration and malignant invasion 

The more disease that there is in the sigmoid and the rectum and 
the nearer the disease is to the rectal outlet, the more intense will be 
the ph>sical disturbance It is usually considered that the seventy of 
phjsical disability increases m direct proportion with the mvolvement 
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of the large intestine IJowever, the amount of pathologic invoUemenf 
of the rectum and sigmoid is i more significant factor in the distuih- 
ince of intestinal function 

Vague abdominal discomfort and mcreased desire to evacuate the 
bowel are usually the first symptoms in tlie heredofamilial type d 
the disease These symptoms may pass practically unnoticed but when 
blood begins to appear in the stools the patient often seehs consulta 
tion In tlic later stages it is discouraging to see these patients who 
are hopeless physical remnants as the result of constant bloody mu 
cous purulent discharges from the bowel abdominal rectal and anal 
distress and loss of morale sleep appetite and weight Such patients 
may be sick for years 

Diagnosis —In some cases careful proctoscopic e’lamination of the 
interior of Uie large intestine may offer the only possibility of finding 
some small polypoid lesions, because sometimes they cannot be felt 
on digital examination and often they are too small to be detected by 
roentgenologic etaminalion On proctoscopic examination polyps may 
appear as single minute excrescences scarcely 1 mm in diameter 
They should not be ignored because many have been remoied and 
have been found to be of adenomatous structure 

The polyp is usually sessile or pedunculated and 5 mm to 1 cm m 
diameter If the polyp is sessile it is usually of the same color as the 
mucous membrane If it is pedunculated the pedicle is of the same 
color as the mucous membrane but the polyp itself is often a daiwr 
red The color is altered when jt sloughs or becomes ulcerated 

The diagnosis is easy if the involvement is extensive because 
growths can be felt on digital examination and the recesses of the 
large intestine have a typical appearance when viewed through the 
proctoscope 

Treatment —Complete eradication of the area inv ol\ ed by the dis 
ease or complete destruction of the Jesion itself as well as of the a 
jacent tissues when the wall of the intestine is included in the path- 
ologic process should be the objectives of treatment A solitary lesion 
m a portion of the intestme which can be reached through die proct(> 
scope may be destroy ed by fulguration Laparotomy and excisica o 
the tumor with or without cxasion of a portion of the intestme ^ 
pending on the morphologic and histologic structure of die lesion 
should be performed when the lesion is not accessible to the pfoc o- 
scope 

Fulgiiratsofj —Most polypoid lesions are found in that region '' 
can be explored by the proctoscope and if a few precautions are ta 
they may be destroy ed by fulguration Several featiues are of sig™ 
cance m the technic of fulguration 1 The patient must co oo“p^ 
ing the procedure and tlierefore general anesthesia should not 
plowed Even if small lesions occur m great numbers they 
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be fulgurated without anesthesia 2 To facilitate visualization of the 
proximal lecesses of the terminal portion of the large intestine tlie 
patient should be placed in the imerted position 3 Fulguration of 
small lesions, especially if pedunculated, may be performed in the 
office Less care is necessary if the lesion is situated below the perit- 
oneal reflection than if it is in the mobile portion of the rectum or 
sigmoid 4 In cases in which small rectal lesions have been fulgurated, 
the patients may remain ambulant, but they should be hospitalized 
and observed more closely if the lesion is large, or even if a small 
lesion is in the mobile portion of the intestine During the first few 
days after fulguration the danger of hemorrhage is not so great, but 
from the fifth to the tenth day, when tiie slough comes away, the 
danger is increased Perforation may occur and this possibility is a 
fur^er indication for hospitalization 5 Small doses of radium can be 
applied topically in order to provide additional insurance against 
hemorrhage 6 The length of the period during which patients should 
be observed following fulguration vanes within broad limits and can 
best be determined by careful re examinations Fulguration may have 
to be earned out fractionally over a period of several months when 
diffuse polyposis is present and all the walls of a segment are involv ed 
If a lesion 3 to 4 cm in diameter is destroyed by one application, the 
patient may be hept under close observation for tliree or four weehs, 
dismissed and may return for examination several months later Occa- 
sionally when it IS necessary to destroy polyps which involve the en- 
tire rectum and a portion of the sigmoid it may be necessary to carry 
on treatment and observation for a much longer period 
Techmc of Fulguration —The amount of monopolar current required 
for fulguration can best be deleimined by personal experience By 
placing the tip of the electrode directly against the surface of the 
tumor it can be destroyed completely \l^en the tip of the applicator 
IS being removed from the lesion care should be taken that the entire 
lesion does not break away from the wall of the intestine because a 
blood vessel may be opened The flow of blood would temporarily 
interfere with complefaon of the treatment Therefore, the tip of the 
applicator should not be brought directly in contact with the lesion 
The same amount of destruction can be accomplished without the 
inconvenience of bleeding if the applicator can be held so that the 
spark will leap about 6 to 8 mm from the electrode to the surface of 
the growth 

Treatment of multiple polypoid disease which complicates inflam 
matory disease of the large intestine should be considered separately 
from that which is heredofamilial 

When multiple polypoid disease occurs secondary to chronic ulcera 
tive colitis or other inflammatory disorders, the primary condition usu 
ally demands altenbon Polyps which can be reached throu^ the 
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proctoscope can Le cJestroyed by fulgunition but notiiing else can be 
accomplished by this method 

In treatment of the heredofanolial disease in which the polyps are 
discrete and the wall of the mtesbne behveen them is relatively wi 
m\oKed the polyps which can be reached with a proctoscope can 
be fulgurated and the polyp beawng portion of the inteshne can he 
removed After partial colectomj deosigmoidostomj may he per 
formed and thereby normal etit and Function of the remaining por 
tiou of intestine can be retained However in the type m which hyper 
plasia of the mucous membrane is difiuse and polyps are present total 
colectomy must be performed 

DnXRllCUtA 

Diverticula of the terminal portion of the large mteitme are bhn^I 
tubes or sacs braiicbing from the wills of the intestine and they have 
been classified as true or '“false* All the coats of the mtestmalwaS 
ire included in true diverticula those which are false are composed 
of only mucDiiy membrane which has pierced through the TfiusculiT 
lavers and has projected beneath the serosa! surface which serves as 
the second covering Just why they should be considered false isnot 
clear because neither thinness of their walls nor the fact that they are 
thought to be ac<iuired would seem to etelude them from among the 
true diverticula 

Dweiticuh have been classified also as congenital ot 
The anatomic anomalies which form during the prenatal period of of' 
veloptnent Me cabled “congenital diverticula Those which appear la 
postnatal life because of developmental difEculUes or because of some 
weakness which exists m certain pottitms of the intestine ate eons d 
ered to be acquired for erampfe m cases m which the mesentery fads 
to cover the mtestine and in which Wood vessels pwree the wall ta® 
diverticula are classified as acquired Usually congenital diverticou 
ate assumed to have four coats and acquued diverticula to have owv 

two It seems possible however that these numbers might be revers 

A Suggested Ctaasvficavion —The terminology suggested herein w 
possess little value if the terminology heretofore in common use is re- 
timed ihe classification which I suggest is as follows 

Prenatal Diverticula —Two types of diverticula develop m atwo 
(I'j ftiose which form as tme anomalies and afi waVis nf tht 
are included m the walls of the sacs and (2) those which are herai 
of the mucous membrane between the developing structures of the w 
testinal wall They he beneath the serosa and their walls coflsis 
mucous membrane and serosa 

Postnafol Diocrticii/c— Separaho ostnatal diverticula iu‘° 
types depends not on the Struct why and when they t® 

Those dll er ula form after birt mucous membrane be 
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ates through, or between, muscular structures of the intestinal wall. 
They lie beneath the serosa and their walls, accordingly, consist of 
mucous membrane and serosa. 

Postnatal diverticula of the first type form because the wall of the 
intestine is weak between imperfectly encircling muscular structures; 
pressure and other physiologic processes within the large intestine are 
normal. These diverticula appear in adolescence. 

Postnatal diverticula of the second type form because pressure and 
other physiologic processes within the intestine are sufficiently abnor- 
mal to force the mucous membrane through, or between, what would 
be presumed to be adequately encircling muscular structures. These 
diverticula appear in adult life, usually not until the fifth decade. 

Etiology.— The causes which are responsible for the development of 
the second type of postnatal diverticula need further elucidation. The 
large intestine is nourished by blood vessels which pierce its walls and 
certain parts are weak where the mesentery is attached. Wilh the 
changes which occur with advanced age diverticula may develop at 
these weak points. The increased pressure of gas which normally forms 
within the large intestine or the strain of undue physical effort ma>’ 
cause no irregularity early in life; but, later, diverticula may develop 
when the intestine becomes more susceptible to these influences. 
Therefore, these anatomic irregularities may occur not only as a result 
of unusual strain but also because of the effect of normal processes on 
tissues which, with advancing age, have developed abnormal charac' 
terlstics. 

Incidence.— Until diverticula become the site of another pathologic 
process no indication of their presence is given. Although the exact 
incidence cannot be determined, it is likely that the secondary path- 
ologic development ocevus with extreme rarity in comparison with 
those instances in which dormant diverticula exist. Probably many in- 
testinal diverticula are never discovered. In authoritative reports, the 
occurrence of evidence of diverticula in roentgenograms has varied 
from 1.24 per cent to 10 per cent. Weber reviewed the records of more 
than 50,000 patients on whom roentgenologic examinations of the 
large intestine have been made at the Clinic. Diverticula were found 
in more than 3,000 cases, an incidence of 5.9 per cent. These figures 
have no value in determination of the incidence of diverticula except 
among patients who consult physicians. 

Determination of the incidence of diverticulitis is also difficult. Of 
one group of 1,549 patients with diverticula of the sigmoid, about half 
complained at some time of symptoms which could be attributed to 
inflammaUon or other active processes; 181 (11.6 per cent) required 
surgical treatment. Weber staled that evidence of diverticulitis was 
present in 15 to 20 per cent of cases in which diverticula were found 
at roentgenologic examination of the colon. At the Clinic we have 
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found that in some cases evidence of clinical diverticulitis may be 
present but roentoCi ologic changes are not manifest The Qumber 
of such cases is not known because m many instances in which a dm 
ical diagnosis of diverticulitis is made proof of the eastence of tie 
condition is lacking 

Age and Sex —About 94 per cent of patients harboring divertculi 
are more than forty years of age In no case have we found dner 
ticula m children less than ten years of age The average age is about 
fifty se\ en > ears and the ratio of males to females is about 3 2 

Anatomic Situation —The left half of the large intestine is the most 
common site of di\ erticuH They seldom are found elsewhere than m 
the sigmoid or immediately adjacent (o it The reasons for this appar 
ently axe ( 1 ) that in the low er part of the sigmoid and upper part of 
the rectum a serosal coal frequently is absent and (2) that patients 
who have diverticula often are constipated The rectum of a con 
stipated person usually is full Therefore a great part of the brunt of 
muscular hypcractiv ity as well as that of accumulated gas is eterted 
m the segment which is immediately abov e the blockaded outlet and 
it IS m that segment that the blowout is most likely to occur 

Pathology —A diverticulum consists of a constricted neck about I 
to 8 mm m diameter at the pomt where it traverses the wall of the 
intestme and a dilated pouch about 4 to 8 mm in diameter wfuci 
expands after the sac has passed beyond the wall of the intestiM 
The size of the aperture as well as the cavity of the pouch may vary 
somewhat and in some cases these limits may be greatly exceeded 

The pathologic processes which attack div erlicula are either infl^ 
mation or malignancy Inflammation may develop when feces seeds 
or other foreign particles accumulate in the diverticular sac Also w 
flimmalion of the diverticulum may result from spread of inflanun^ 
tion of the mucous membrane Disintegration and ultimately ulcerous 
transformation may develop when the mucosal lining of the div^^ 
ticulum becomes involved Inflamniitory and hyperplastic 
may ensue and become so extensive that a mass becomes palpal f 
through the abdominal wall If perforation occurs abscesses enca^ 
sulated within the substance of the inflammatory mass may form 
some cases the divertiailum may adhere to other segments of 
intestine the bladder or other adjacent viscera and if it breaks 
a fistula may be formed Allhou^ it was once thought that carcin 
frequently occurred in the sigmoid in cases in which diverticula 
present that complication is now thought to be rare However ^ 
possibility that carcinoma exists m cases of diverticulitis snoul 
considered until it is proved to be absent even though this coens e 

rare t, r r is 

Symptoms —The most constant single evidence of jpj 

volvement of diverticula is abdommal discomfort usually most pr 
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nent in the left lower portion Pam may be acute or intermittent and 
pierang or a dull, bonng discomfort may be present almost constantl) 
In acute attacks abdominal rigidity, nausea and vomiting may occur, 
and tlie abdomen may be tender following the attack An obstructive 
phase occasionally assumes the proportions of an emergency and a 
aistinct mass may be palpable in these cases The masses which are 
attributable to diverticulitis ma> recede, at least parUally, following 
the acute phase 

Vesical symptoms ma> be manifest and these irregularities may be 
caused by adhesions between a diverticulum and the wall of the blad 
der or b> actual perforation and formation of a fistula 
Diagnosis.— RocnfgcnoZogic Examtnation —Roentgenology provides 
the most \aluable single aid m establishing the diagnosis of diver- 
ticulitis and it IS almost the only means whereby undiseased diver- 
ticula can be discovered The outlme of the large mteshne after a 
barium enema is observed roentgenologically and by this method the 
diverticula are seen as rounded, pouchlike shadows along the contour 
of the intestine Also, hypenriotihty may be obser\ed when infiam 
matory disease irritates the involved segment Possibly only sharp, ser- 
rated haustra will be observed, the involved segment of tlie bowel may 
present a somewhat narrowed lumen, or extreme occlusion may be ob- 
served These deformities may appear as false filling defects, owing 
to spastic narrowing which may become extreme enough to approach 
complete occlusion or as actual filling deformities produced by in- 
fringement on the lumen of the intestine by formative inflammatory 
developments around its circumference In the inflammatory disease, 
the involved segment is likely to be long and the contours concentric, 
whereas in malignant disease, the outlmes are sharply irregular and 
tlie involved segment is shorter 

Proctoscopic Examination —Four signs may be identified on procto- 
scopic examination which either establish the presence of a diverticu- 
lum m the terminal segment of the large intestine or provide evidence 
that the condition exists (1) relative immobility m a segment which 
IS normally freely movable, (2) angulation of the lumen, (3) reduc 
tion of the lumen and mucosal folds due to some influence which 
squeezes the wall and produces mucosal folds and (4) sigmoidal sac 
culation This last peculiarity usually is observed in a mobile sigmoid 
which gives no evidence of pensigmoidal inflammatory disease The 
sacculations appear as shallow pouches which may extend partially or 
entirely around the wall and they are separated by diaphragmatic or 
ndgehke elevations across the lumen of the sigmoid The sac can be 
distinguished from spastic contracture because it fails to disappear 
It IS rarely possible to see the diverticula in a case of active diver- 
ticulitis They are seen most frequently when no inflammatory disease 
is present 
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Treatment.— A conservative attitude should be taken when acute 
sj-mptoms appear Sigmoidal diverticula do not suing free into die 


occurs periodically the sacs become enmeshed in a hj-perplasbc mass, 
and hence the possibility of extension of the process to the abdominal 
cavity IS reduced and formation of localized abscess is more likely 
Probably only about a fourth of the patients who have diveitioulihs 
should be treated surgically 

Indicabons for operation are acute perforation, abscess, fistula (ex 
lemal, \esical, intestinal or mulbple), inflammatory obstructioa and 
malignancy When none of these comphcations anse, consenatne 


abdomen \Vheii acute symptoms begm to subside, a bland anbcon 
stipabon diet can be subshtuted U any obstructive difficulhes occur 
mineral oil in small quanbUes should be given A pabent should be 
impressed with the seriousness of his condibon and even when no 
emergency exists, he should care for himself under the guidance of a 
physician 
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PROCTOLOGIC DIAGNOSIS 
Newtov D Smith 

Prompt diagnosis of lesions m tlic lower portion of the large intes 
tine and the anus often is lifesaving Early diagnosis of an obscure 
pathologic process, involving the anus, rectum, sigmoid or any adja 
cent tissue must also stimulate the confidence of any practitioner of 
medicine, surgery or any of the associated specialties The proctologist 
usuall} feels the need for continued explanation of the methods and 
the importance of prompt diagnosis of lesions and abnormalities which 
occur in the anatomic parts mentioned 
In the practice of medicme, too frequently, m spite of all that has 
been said, hemorrhoidectomy is performed or hemorrhoids are treated 
while m the rectum only a few centimeters above the anus, carcinoma 
IS present The fact that hemorrhoidectomy sometimes is performed 
in the presence of chronic ulcerative coblis re emphasizes tlie need for 
continued comment concerning diagnosis of diseases and abnormal 
ities occumng in the anus, rectum, or sigmoid When tardy examma 
tion of a patient who has been treated for months for mucous colitis 
reveals that within the reach of the examining finger is a large annular 
carcinoma, it would seem that die importance of accurate proctologic 
diagnosis should be stressed with renew vigor 
The fundamentals of proctologic dia^osis are those involved in 
most diagnostic procedures (1) inquiry to determine the patient’s 
complaint and the proper evaluation of his replies, (2) preparation for 
inspection, palpation and proctoscopic examination, (3) mspection of 
the exposable portions, gluteal surfaces, sacrococcygeal, perianal and 
perineal regions, and that portion of the anal canal which can be 
easily everted, (4) palpation of the same parts and gentle examination 
of the anus and lower part of the rectum and adjacent tissues digitally 
and, if the need is determined, bidigitally, (5) visualization of the 
lower 24 cm of the large intestine proctoscopically and (6) sohcita 
lion of the aid of the roentgenologist, pathologist and clinical patholo 
gist when they can assist in miking the diagnosis 
These fundamentals are simple so simple that negligence m apply 
mg them seems unjustified even when the slightest indication is ob 
served ^Vhen they are applied the reward is realized so promptly that 
the physician must feel encouraged to continue their employment It 
IS interesting also that negative information often is of as much im 
portance and assistance as arc positive findings This is illustrated in 
cases in which patients are treated for chronic ulcerative colitis when 
they do not have this disease Error could be avoided easily if exam 
ination had been accomplished in die manner suggested 
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I^QU^RV CONCERNING CO^IPUINTS 

Asking the patient questions concemJng his condition must be done 
with alertness and cate because the patient frequently will have de- 
cided on his own story and tlie farts tend to become obscured Do 
you have pam? WTiere is it? Is it associated with bowel movement'’ 
How long ha\ e you had it? Is it becoming more severe’ This type 
question usually elicits specific information tliat longer questions fad 
to disclose It IS well also to use words which the patient can unde: 
stand readily often they >\iB understand “boil” much more readily 
than “abscess Questions such as the following will elicit specific in 
formation Do you take anything to make your boivels move’” “Do 
your bowels move each day? While a question such as “Ate you con 
stipated’” requests the patients opinion Tliese examples briefly indi 
cate some of the care to be exercised in gathering accurate informa 
tion The information gained should assist the physician but it must 
not hinder him from carrying out all of llic other steps m anivingat 
the diagnosis 

PRCPARATION FOR INSPECTION. PALPATION AND PROCTOSCOPIC 
EXAMINATION 

The need to prepare patients with enemas and also the sort cf 
enema to be employed have given nse to much discussion Many pa 
tients can be examined without special preparabons and some physi 
Clans therefore attempt to examine all patients without preparation 
If examination without prcpiralion proves unsntisfactory then the pa 
bent is requested to take enemas unbl the reluming fluid 
Such an arrangement seems satisfactory but if a large number of 
patients are to be examined it seems advantageous to have all pabenSs 
prepare themselves before coming for examination A solution of soap- 
suds is satisfactory to cleanse the large intesbne and does not s?®® 
to irritate the intestine enough to contraindicate its ctnpIoym®°f 
m the presence of ulceration , 

To drape the patient for examination a small square sheet an a 
4 by 8 inch (10 by 20 cm ) gauze sponge are sufficient but a bao 
towel is often useful The sheet should not be draped around 
lient like a skirt but should cover him After the sheet has 
draped so that the part to be examined is exposed the upper core 
can be tucked under the pabCTil above the waist or they 
lapped m the midline above the level of the sacrum When the 
chest position is used it miy be necessary to pm the sheet to keep 
in place The gauze sponge then may be placed ov er the 

One of three positions for the pibent usually is employed for 
tologjc examination the inverted position knee chest position or 

lateral position Some physicians employ one to the exclusion o 



983 


PROCTOLOGIC diagnosis 

Other two but it is advantageous to be able to employ any one of 
them as the occasion permits or requires. 

A special (able is required for examination of a patient in the in- 
verted position. Buie has designed the most satisfactory one (fig. 40o). 
It provides stability, maximal comfort for the patient and the physi- 
cian during examination and permits adjustment for patients of vari- 



Fjg. 405.— a, Patient before being bited, b, patient blted and draped for exam- 
inabon. 

ous proportions or for those who require alteration of weight bearing 
while they are in the inverted position. 

Those physicians who do not have such a table or do not feel the 
need for it, may place the patient in the knee-chest position or knee- 
shoulder position (fig. 406). Either of these positions will provide 
satisfactory exposure but xvill be less comfortable than the inverted 
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position No pillow js used for the pitient to rest his head on The 
right arm of the patient is pulled diagonally across his thorax so that 
the hand, resting palm up, projects past the patients left side The 
thighs are at right angles to the surface on which the patient is kneel 
mg With the patient m this position the physician can observe read 
ily the part to be examined 

The left lateral or left Sims* position is of unusual value in examining 
patients confined to bed, but it is so satisfactory that some physicians 
employ it exclusively for examination, operation and postoperative 
care 

When the patient is on his left side with only one pillow under bs 
head, his left arm should be pulled under his body toward his hade 



Fig 408 —Knee chest position for proctoscopic examination Observe upright po'i 
bon of thighs the lotabon of the head and the position of the nght arm 


This Will roll his right shoulder forward toward the surface on whidi 
he is lying His left thigh and leg should be straight with relation to 
his body and his right thigh and leg are flexed (fig 407) This position 
does not provide as sabsfactory an opportunity for comparison of tee 
medial surfaces of the right and left gluteal surfaces and 
gions nor is it as easy to provide satisfactory illumination as the om^ 
two positions In addition it requires the almost conbnued use ot ID 
patient’s nght hand or one of Ae physician’s hands to provide sa 
factory exposure 

The minimal equipment necessary to arrive at a sabsfactoty 
tologic diagnosis should be mentioned The tible designed by 
has been described however a regular examining table may be u 
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It IS hardly necessary to mention finger cots and a satisfactory non* 
irritating water-soluble lubricant The anoscopes and proctoscopes 
that may be used will be described later. 

As essential as any piece of apparatus or all of the apparatus, is tlie 
physician’s manner of conducting the examination. He must realize 
that the patient is compelled to rely on him not only for the result 
of the examination, but also for the manner in which the conclusion 
IS reached. It is undeniable that, without care and dexterity on the 
part of the physician and co-operation on the part of the patient, the ex- 
amination is painful and often fails of accomplishment. No ironhound 
course can be pursued in obtaining the patient’s co-operation. It ap- 
pears best to assume that the patient intends to co-operate and then 



Fig. 407.«-Left lateral or Sims' position. Observe the position of the left and 
right thighs and the left ann. 


to warn him of each step. These warnings should be stated so that 
the patient will understand promptly. If the patient is extremely ap- 
prehensive, the first step or two of the examination will either build 
or destroy his confidence and his ability to co-operate. 

INSPECTION 

The sacral, gluteal, anal and perineal regions must be exposed and 
this exposure must be arranged so that the patient will be embar 
rassed as little as possible, yet so that all of the parts can be observed 
easily and comfortably. Some physicians lacking the finest equipment 
feel greatly handicapped and do not make adequate examinations 
while others who have discovered the need of accurate proctologic 
diagnosis insist on following the suggested procedure in spite of al- 
most insurmountable difficulties 

Satisfactory illumination aids accurate observations and also enables 
the physician to take advantage of the opportunity to compare similar 
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n^t and left portions of the body to detect dissimilanUes Such light 
need not be too briglit but it should be situated if possible so that 
it will cause minimal shadow If the patient must remain in bed, 
however, or if Ins motion is limited because of illness, orthopedic 
apphances or other restrictions, the examining physician will be com 
pelled to improvise exposure and illumination, but if the exammaton 
IS necessary, it can be accomplished in all but a few cases Id udusiuJ 
mstances profuse diarrhea or incontinence preventing satisfactory 
preparation, coexisting with the other possible handicaps menhoned, 
may make the examiner's efforts useless 

Assuming that the patient is prepared, is in one of the recoin 
mended positions and is draped with a small sheet to avoid embai 
rassment and that the light is satisfactory and the instruments are 
stenle and m working order, examination can continue Before touch 
mg the patient, what can be detected? A postanil dimple often can 
be observed, but it is of little consequence since it usually signifies 
only the presence of a congenital deformity of the Up of the coccyx 

When the skin in the sacrococcygeal region has a aibnform appear 
ance and a sinus or sinuses arc associated which mav extend to the 
right or left, above or below as far as the perineum, or may closely 
simulate a fistula, an infected pilonidal cyst probably is present If the 
condition is observed before incision or spontaneous drainage has oc- 
curred the pilonidal cyst may appear as a reddened elevated area 
which will proie tender if palpated 

Lipomas ate observed as fairly sharply demarcated swellings cans 
mg little or no discoloration of the overlying skm Neurofibronias "fs 
observed as smaller suellmgs Papillomas and moles are frequenth 
seen 

At times perianal or ischiorectal abscesses can be seen as can throm- 
bosed edematous external hemorrhoids If an abscess is present, it 
quenlly will cause umhtcril distortion of the contour of the glutea 
surface Herpetiform lesions frequently are obserxed Urticaria, 
riasis, dermatitis medicamentosa, dermatitis venenata actmoderm'iWis 
and pyoderma also may be observed Occasionally narcotic aaoic s 
inject the substance in the gluteal region \x ith resulting inflammaton 
reaction or tattooing Extravasation of blood following injury is 
common and should lead to added questions concerning the 
tendency to bleed All of tlicse conditions and others can be obsen 
without touching the patient 

PALPATION 

The examiner should touch the patient very gently, cautiously p 
pating the exposed surfaces and he should warn the patient « 
touching any lesion that may be tender He should never cause 
comfort immediately 
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It IS worthy of mention that less pain will result if a tender part is 
palpated with the surfaces of the distal portions of the fingers rather 
than with the tips Palpation is as important as any other portion of 
the examination because it reveals many physical factors tliat are not 
discernible by inspection The density of the lesion, fluctuation, ad* 
herence to the underlying or the more superficial tissue and pulsation 
can be determined It can be ascertained whether motion of the lesion 
is synchronized with underlying muscle or vascular tissue, whether 
the lesion is associated with specific areas as anal crypts or the sacro 
coccygeal region and whether blood or other fluid discharges escape 
as a result of pressure on the mass Other conditions can be found by 
this method but it seems sufficient to illustrate that palpation cor- 
roborates the knowledge gained by close visual examination and re- 
veals the presence of lesions which cannot be seen 
Examination of the perianal skin, adjacent gluteal surfaces and 
perineum which requires lateral retraction might be considered part 
of examination by palpation Retraction must be accomplished gradu 
ally and a shift of retractive effort cannot be burned because the 
patient resists continued examination unless these cautions are exer- 
cised Once the patient’s tolerance or co operation is altered unfavor- 
ably, it is difficult or impossible to regain it 
When the gluteal surfaces are retracted laterally so that the anus 
is exposed a different and perhaps more important group of lesions 
may be observed External anal tags can be seen and differentiated 
from external hemorrhoids A thrombosed external hemorrhoid may 
be differentiated from a comparatively rare melano epithelioma The 
melano epithelioma is usually painless and increases m size gradually 
while a Arombosed hemorrhoid is usually painful and diminishes in 
size gradually The thrombosed hemorrhoids may be multiple ^Vhen 
they are associated ^vlth edema, the thrombi are obscured by sNvelhng 
An acute abscess may be found in the anal, perianal, gluteal or 
perineal tissue Such a lesion may be extremely small and cause a 
slight smooth elevation which may or may not be reddened, fluctuant 
or firm but almost invariably is lender When the abscess has rup 
tured a subacute abscess or fistula which has one or many second- 
ary external openings, usually results The tracts of the fistula can be 
palpated with little pain and yet this palpation may reveal more than 
many attempts to probe them 

Acute or chronic draining sinuses with no palpable tract leading to 
the anus or to the sacrococcygeal region may be pyoderma which may 
originate as hidradenilis suppuratua The presence of pyoderma can 
be verified often by other involvement in the perineum, suprapubic 
t^on and axillae It frequently coexists with extensive or mild acne 
The pahent is usually twenty to thirty years of age 
Tenanal condylomas, perianal comedones with resulting furuncles 
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leukoplakia, leukokrratitis, anal pruritus and vitiligo are often present 
and they can be exposed by slight retraction of the gluteal surfaces 
adjacent to the perianal skin In addition actinodermatitis, psonasis 
herpes, dermatitis medicamentosa, dermatitis venenata and chancre 
may be observed Actinomycosis, lymphosarcoma, smuses from tuber 
culosis mvolving the pelvis, or osteomyehtis may be diagnosed more 
rarely Even more rarely a firm nodular mass situated at or near the 
anal margin closely adherent to the underlying bssue and covered h) 
normal skm may be observed and when a specimen is removed it ms.) 
prove to be a leiomyosarcoma Ulceration in the perianal skm which 
extends mto the anus may be caused by tuberculosis, epithelioma or 
carcinoma or it may be the only visible evidence of regional ententis 
Anal pruritus can be detected usually by the fairly typical changes 
in the perianal skin Pigmentation is altered frequently, the amount 
of hair in the involved area usually is diminished and the skm may 
appear thickened or thrown into increased folds It may be reddened 
and dry and may feel warmer than it normally does Other abnor 
malities may be associated with those mentioned 
Ectropion of the mucous membrane resulting from a previous rect 
or anorectal operation may be present Internal hemorrhoids ( 
papillae may protrude through the anus The anus may be relase 
as the result of prolapse of a portion of the mtestine through i 
anus Extensive scarring from previous operations or injury may b 
observed A congenital deformity may be present Urethropermei 
fistula may have developed Pseudosinuses may confuse the pictui 
but the lack of inflammatory reaction or scarring surroundmg thn 
assists in making the diagnosis 

A thorough examination of the exposed and exposable porboc 
which have been considered should always be accomplished befor 
attempting digital examination because it will enable the physicia 
not only to diagnose a number of interesting lesions but also it w 
enable him to examine the anus digitally w ith minimal difficulty 
Digital Examination —Digital examination can be made satisiai 
tonly if the physician standing to the left of the pabent aviU ernpl^ 
the index finger of the left hand and if standing to the *^2^* 
patient the mdex finger of the nghl hand The former is prefers f 
In either case the remaining fingers should be loosely clenched an^ 
during the examination they should be situated over the midlme pns 
tenor to the anus , 

It is best to place the nonimtahng water soluble lubricant on ' 
anus and then insert the finger The insertion should not he accoo 
phshed until the patient has been warned about what is 8°’°^ 
happen and has been reassured The physician may say, “Lfl 
to insert my finger, 111 be careful " or somethmg to this efie^ 
explanation will assist in overcoming the natural tendency ot 
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patient to contract tlie anal sphincter It is advisable also to palpate 
the anal margin wth the cotted finger before insertmg it into the anus 
This will assure proper lubrication, assist m calling to attention any 
palpable masses and also it is a means of further assurmg the patient 
of the examiners intention to be careful If a painful lesion is found 
m the anal canal pressure should be exerted on the opposite side of 
the anus as the finger is inserted slowly and reassurance is given 
As the examining finger is being inserted slowly, every abnormality 
should be noted and its identifying characteristics catalogued men 
tally Where is the lesion? Is it lender firm nodular movable? Are 
there more than one? Is the lesion attached to oierlying and under 
lying tissue? Is it superficial or deep? Is there a foreign body in the 
lumen? Is the lesion annular? Does it encroach on the size of the 
lumen and are there other factors which can assist the examiner to 
characterize the lesions present for the purpose of diagnosis? The anal 
lesion can be described as being situated on or in the right left, an 
tenor or postenor quadrants 

The finger should be inserted to its full length and then the pos 
tenor quadrant of the anus can be displaced in a cephalad direction 
if the anus is not too tender By this maneuver 1 to 2 mches ( 2 5 to 
5 cm ) more of the intestine can be palpated This is one of the dis 
tinct advantages of this method of digital examination As the finger 
IS inserted slowly into the anus the approximate diameter of the anus 
and the action of the sphincter muscles may be observed Thrombi 
which cannot be seen may be palpated Postenor or anterior anal fis 
sures can be detected as can. enlarged papillae whether they are asso 
ciated with the fissure as they frequently are or not Somehmes 
mtemal hemorrhoids can be palpated but this is an inaccurate way 
in which to make such a diagnosis It is better to visualize them Firm 
nodules which may be oleomas often arc palpated in the region where 
mtemal hemorrhoids appear These result from injection treatment 
Somebmes mtemal abscesses or complete internal fistulas may be mis 
taken for such nodules on digital exammation because they are situated 
in similar areas and often feel equally firm It may be necessary to ex 
amine the pabent under anesthesia before the diagnosis can be made 
accurately Movable firm extrarectal nodules situated anteriorly just 
above the dentate margin or on either side of the prostate gland or 
just above it may be phlebolilhs Sessile or pedunculated polyps may 
be detected at any level above the dentate margin At any level there 
may be found a rectal stneture whidi may have resulted from venereal 
lymphogranuloma chrome ulcerative colibs carcinoma previous rec 
lal or anorectal operations injection treatment to obliterate mtemal 
hemorrhoids tuberculosis or enigmatic causes Usually microscopic 
examination of a specimen Frei test proctoscopic examination and 
other corroborating information are necessary to determine the cause 
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of the stricture The primary or rectal opening of a rectovaginal fistula 
if present usually may be palpated anteriorly at or just above the 
dentate margm 

A carcinoma may be situated at any level and it may involve any 
portion or all of the circumference of the lumen A colloid carcmoma 
IS often difficult to diagnose accurately from palpation and it usually 
requires microscopic examination of a specimen Epitheliomas occur 
m almost any palpable area although they are observed more 
quently as an ulceratmg tender lesion mvolvmg the anal or penanal 
skm The same is true of lymphosarcomas which may resemble almost 
any other lesion An extrarectal transverse ridge of infiltration situated 
above the prostate gland or m the cul de sac may be a rectal shelf 
indicating tliat a malignant lesion is present in the upper part of the 
digestive tract The wall of the large intestine may be mvolved se^ 
ondarily 

Bony deformities of tlie pelvic structures can be detected digitally 
and the diagnosis can be confirmed by roentgenologic examinabon 
Uterine deformities and deformities of other pelvic soft tissue may he 
palpated but these abnormalities often are palpated more accurately 
witii the patient m the dorsal position with the thighs and legs fleiei 
When the patient is m this position pressure may be applied to the 
hypogastric region to force the viscera toward tlie finger m the rectua 
In the male prostatic abnormalities as well as those m the senunw 
vesicles may be felt Dermoids sarcomas cystic extrarectal masses 
and neurogenic lesions all occur in this region and often are palpame 
through the rectum Foreign bodies such as bones and innumerable 
unimaginable curiosities have been palpated A palpable fecal iffl 
paction may be the cause of a patients discomfort . 

While the examining finger is being withdrawn from the anus an 
rectum the effort to palpate surrounding tissues should be just as oiii 
gent and alert as it was during the insertion of the finger To 
plete the digital examination it is well to note the fingercot to dete 
any blood streaks which may be present It should also be part 
digital examination to determine the length of the anal canal ° 
the prostate gland and to elicit any other information which ' 
facilitate insertion of the proctoscope 

PROCTOSCOnC EXAMINATION 

A set of Hirschman anoscopes (fig 408) small medium and lar^^ 
is satisfactory for examining the anal canal and lower part of 
rectum The choice of proctoscope or sigmoidoscope may be le 
the physician At the Clinic we have found the Buie proctoscope 
satisfactory The simplicity of construction and balance are of ' 
and the tube being almost unhindered by a projecting I ghf 
manipulation of swabs suction removal of specimen fulgnration 
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other manipulations which may be necessary (fig 409) To illuminate 
the Hirschmin anoscope, the light earner of the sigmoidoscope is em 
ployed A transformer to change current of 110 volts to 6 volts is 
necessary A specimen ^emo^e^ is essential A suebon bp with a suit- 
able controllable source of suction is helpful Several sabsfactory types 
of apparatus are manufactured which dispose of the material removed 
from the large intestine by passing it directly into the waste pipe of 
a lavatory or smk 

The anoscope and the proctoscope afford an opportunity actually 
to see the internal surface of a portion of the gastro intestinal tract 
and hence to discover lesions and abnormalities \^^llle the etiology 



Fig 40S — Instiuments for proctoscopic diagnosis Left to right regular ana 
small proctoscope, large medium and small Hirschman anoscopes and insufflating 
bulbs for the proctoscopes 

of all of the condibons cannot be explained, it would seem that ob 
servabon and recording of lesions m situ would stimulate study There 
seems to be Uttle variation m the length of an anoscope, although the 
design may \ ary greatly This is not true of a proctoscope, howe\ er, 
for it may var> from the length of an anoscope to 18 inches (46 cm j 
long For the purpose of this presenlabon, the insbaiment ^vlll be con 
sidered to be 10 inches (25 cm ) long 
A regular proctoscope is about % inch (I 6 cm ) m diameter and 
a proctoscope of smaller cahber is usually about mch (05 cm ) 
The smaller instrument is emplojed for examining strictures and con 
tracted anal canals, and in any situabon m which the size of the lumen 
is limited Most children and babies, if normal, can be examined with 
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the large instrument Under ordinary circumstances, the large instru 
ment can be inserted more readily and the observabons are more ihor 
ough and accurate than the> tioidd be if the smaller mstrumeat 
employed 

The proctoscope should never be inserted unbl the anus has been 
examined digitall) because this process dilates the anus slightly aad 
furthermore it prevents the i>ossibly brutish effort to insert the proo 
toscope when a portion of the anus is acutely tender The Jubncaat 
should be placed on the anus again as it was for digital esammatio!) 
and the proctoscope is inserted through the anus slowly in an effort 
to avoid sudden insertion when the tip of the instrument dips past 



f g 40& --Ai-cessones for proctoscopic diagnosis obsen ed ftotn top to 
specimen taVer punch for the removal of specimens from the penanal sbn tr»n 
former with cords silver probe suction tip and cotton swab 

the grasp of external sphincter muscle The thumb of the physiciaoj 
right hand should be held over the top of the handle of the ootuM « 
until the instrument has been inserted just inside the 
then the ohlvnatoi should be vfitbdTSfwn The exaTtunaUoti should ^ 
continued under direct vision t 

Just before insertion of the proctost»pe the patient be 
that something about the size eff Ae finger is to be inserted ^ n 
gently If the instrument does not pass into the rectum readiy 
should not be Uvisted or forced but removed and more lubricant w 
plied to the anus Then the attempt should be repeated and oo 
lessly will succeed In the course of examination it is 
inflate the large intestine, but a small amount of air in the infla s 
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bulb may be employed to separate adherent folds of mucous mem 
brane or to force a small amount of fluid out of the field These ad 
vantages are obtamed b> squeezing the partially filled bulb rather 
sharply and mamtammg sh^t pressure wth the nght hand as the 
proctoscope is mserted by the left hand assisted by the right After 
a httle experience, the use of the right hand for the two tasks is not 
awJavard 

Proctoscopic examination \enfies the presence of many pathologic 
processes Some abnonnahties which can be palpated on digital ex 
animation are seen and others which cannot be palpated are dis 
covered The proctoscope may serve also to reveal palpable extrarectal 
masses and other changes of interest which may be beyond the reach 
of the examimng finger The finnness of a lesion, its mov ability and 
the limitation of motion of the bowel may be determined Somebmes 
expression of bny fecahths may disclose diverbcula and other func 
tions of and diagnosbc uses for this instrument will increase m num 
her with experience with this type of examination 
If the obturator is withdrawn from the proctoscope as suggested, 
the bp of the mstrument will be situated just above the anus and the 
mtemal sphincter muscle Ordinarily, examinabon is earned out most 
diligently at the bme that the mstrument is bemg withdrawn but 
careful observabons should be made dunng mserbon of the mstru 
ment A special effort should be made to observe the abnormalibes 
that were palpated, then further explorabon should be earned out At 
first the pabent will feel as though nothing could possibly interfere 
with evacuabon of the contents of the bowel Brief explanabon will 
help to alleviate this useless worry Unless some abnormality or patho 
logic process is present, the mstrument usually can be inserted to the 
level of the promontory of the sacrum without difficulty or without 
causmg the pabent to expenence real pain 
As the examiner guides the proctoscope into the curves and folds 
of the bowel above the level of the hollow of the sacrum he will 
usually cause the patient to complam of discomfort The pabent may 
by to prevent examinabon of the rectosigmoid and sigmoid but gentle 
ness and a wammg of oncommg discomfort accompamed by instnic 
lion to the pabent to conbnue to breathe normally, to avoid sbaimng 
and to avoid movmg frequently will prevent an mipasse Quiet sym 
pathetic guidance, quiet explanation of the need for continuing un 
wavermg msistence and other vanabons which the physician will learn 
to employ will contribute to successful exammabon It is true that 
all patents cannot or perhaps will not undergo proctoscopic examina 
tion but Muth added expenence the ph>sician xxall observe a conbnued 
dimnuhon m the number of patents of this type that he encounters 
The possibdity of perforating the xvall of the bowel always should 
be lept in mind To avoid this catastrophe the proctoscope should 
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never be inserted unless the lumen into which it must be inserted is 
visible Adult patients should not be allowed to taVe sedali\es pnot 
to examination M my children who wll listen to and co operate with 
their parents will also co operate with the physician if he does not 
disturb their youthful dignity by a noisy enthusiastic greeting and 
boisterous misleading statements concerning the exammalion If the 
child s dignity is preserved and his co operation is assumed he is often 
a more co operati\ c patient than his elders ^Vllen the child argues 
with his parents and in a borderhne tantrum refuses to hslen to an) 
thing thit IS said it may be necessary to administer enough sodium 
amyial to deciease his resistance 
The interior of the wall of a normal bowel is pmk glossy and 


usually moist but the color may vary in the sam^ patient in the same 
day and the amount of moisture present also varies Usually no mag 
nifying lens need be employed to delect abnormalities m the mucosa 
The mucosa displaying melanosis coli will appear glossy and moist 
but will be brow msh pink to black and marked with yellow stnabons 
or dots The yellow markings may appear to be elevated shghtl) a* 
first glance but closer scrutiny will disprov e this 
Polyps of all si^es in any location sessile or pedunculated, and 
sobtary or multiple are observed frequently Their destruction cr 
removal is a sound preventive surgical procedure Carcinomas 
lymphosarcomas epitheliomas lipomas hemangiomas fibromas lew 
myomas are among the lesions which may be diagnosed on proct^ 
scopic examination and frequently removal of a specimen througo 
the proctoscope confirms Uie diagnosis except m hemangiomas w 
which injury may cause dangerous hemorrhage Sacculations observed 
in the rectosigmoid and sigmoid often suggest the presence of Aver 
ticula but roentgenographic examination is necessary before the dug 
nosis can be confirmed Sometimes a firm extrareclal mass 4 to 5 
inches ( 10 to 13 cm ) above the anus in a woman may indicate the 
presence of an endometnoma or a uterine fibroma Occasionally vvle° 
women have undergone pelvic operation before proctoscopic 
tion it is impossible to introduce the instrument for its entire Ict^ 
because of a sharp angulation and the limitation of motion of * 
bowel which may follow operation When megacolon is present m 
setUow of the pxoctowixsp® will prove almost effortless hut a bariuni 
enema and roentgenologic study will provide a more accurate bJS 
for comparison with the normal bowel . . 

The search for small foreign bodies often proves to be difficult 
cause of the presence of so many folds m the mucous membrane 
the edges and shelving of rectal valves Larger foreign bodies m 


require manipulation with and through the proctoscope 
A distinct challenge is offered in the diagnosis of 
processes or diseases such as (1) chronic ulcerative colitis wa 
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granular appearance of the mucosa which bleeds on slight injury 
and in which the lumen of the bowel is contracted, (2) amebic ul- 
ceration involving the valve edges or prominent folds presenting um- 
bilicated punched-out ulcers in otherwise normal mucous membrane, 
(5) bacillary dysentery with superficial ulcers in a reddened and 
often bleeding mucosa and (4) tuberculous ulcers occurring at any 
level with irregular overhanging edges in a patient other\vise ill wth 
tuberculosis. These conditions usually require one or several of the 
following so tliat the diagnosis can be made: stool examinations, 
roentgenologic studies, removal of specimens for microscopic examina- 
tion and cultures. Sometimes diagnosis of rare ulceration, such as that 
resulting from self-inflicted trauma or that caused by histoplasmosis, 
will challenge the examiner and he may need the aid of other diag- 
nosticians. The peculiar proctitis which may follow the application 
of radium to the uterine cervix is usually so topically situated and the 
history of the preceding treatment so easily determined that there 
seems little difBcuIly in arrivmg at a correct diagnosis— faclitial proc- 
titis with or without ulceration. Purpuric hemorrhages in the mucous 
membrane in all stages of absorption are never forgotten if once ob- 
served, but the presence of the disease usually is known before the 
bowel is examined. 

As the proctoscope is withdrawn close to and through the anus, 
rectovaginal fistulas and the primary openings of anal fistulas may be 
observed. Internal hemorrhoids, enlarged papillae, and anorectal 
scarring may be found also. Specimens can be removed from lesions 
in this region which are suspected of being malignant. It is tactful 
to wait until the examination is almost completed before carnmg out 
some of the unavoidably uncomfortable task such as the removal of 
a specimen close to or in the ana! canal or a very thorough digital 
examination to search for some deeply seated abscess. 

Proctologic diagnosis is not always void of the excitement associated 
wth an emergency procedure. Perforating lesions in the perineum or 
near the anus proWde problems necessitating the clear thinimig re- 
quired in an emergency as well as the sound evaluation of the extent 
and import of the injury. Later, obserx’ation to determine the progress 
of healing and to anticipate undesired deformity may prove helpful. 

Less thrilling but more frequently requested is the information 
which may be obtained by the proctoscopic e.xaminalion of colonic 
stomas. This procedure can be most useful in the differentiation be- 
tween carcinoma and diverticulitis. It may be employed to search for 
polyps or ulceration or only to note the progress of a healing wound 
Sometimes the search for recurrence of a malignant lesion will disclose 
prolfferative tissue at the site of the resection and the physician usually 
will learn the need of removing a specimen for microscopic study rather 
than attempting diagnosis from the gross appearance of the tissue 
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The examination and diagnostic evaluation of congenital defonni 
ties test the physician's knowledge of embryology These defonmbes 
usually result from arrested development and frequently they repre- 
sent only one of a group of drfoimities which may occur co?na 
dentally The task may be simplified or complicated by remedial 
attempts made prior to this examination 
This discussion has not dealt with the minutiae of diagnosis of 
lesions, but it has been an effort pnmanly to indicate the vanety of 
diagnostic opportumbes The opportunity to apply special diagnostic 
knowledge should prove sbmuiating Each observahon of common 
or unusual lesions encourages the proctologist to continued effort H 
seems undeniable that prompt proctologic diagnosis is bfesasing in 
many cases Proctologic diagnosis is important in the practice cl 
modem medicine and surgery 
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Protrusions of intervertebral disks have been established thou 
sands of times without peradvenhire as the anatomic and pathologic 
factors in intractable nerve root pain disabling low back and sciatic 
pain brachial neuritis and paraplegia By root pain” is meant pam 
that IS felt along a spinal ner\e root or the peripheral nerve taking 
its ongin from the root involved This pam is usually aggravated by 
coughing sneezing and straining at stool and it oftentimes is present 
at night and disturbs sleep 

As a result of the observations by members of the staff of the 
Clinic, we have come to rather definite conclusions regarding the eti 
oJogy diagnosis treatment and prognosis in cases of protrusions of 
the intervertebral disks Some problems still remain unsolved For 
instance the exact indications for combining a fusion operation with 
removal of protruded intervertebral disk and the length of time a pa 
tient should undergo conservative treatment before resorting to opera 
tion are not entirely clear Solution of these two problems probably 
Will not provide a set of rules that are applicable m all cases Never 
theless most of the principles of Ueatment m cases m which pro 
truded mtervertebral disk is suspected are fairly well established This 
does not mean that all patients with low back and sciatic pain, for in 
stance are treated in a routine way No satisfactory routine for the 
treatment of those who are disabled and il! can be formulated Each 
individual case must be considered if best results are to be obtained 
At the Climc vve still feel as do most investigators that protruded 
intervertebral disks are caused m the mam by trauma The trauma 
often IS in the form of unusual stress or strain to the back while m a 
fleved position This type of trauma has been repeated often and for 
this reason it is at times difficult or impossible for the patient to state 
the exact time of onset of symptoms This fact of course complicates 
the problem as far as reports for msurance compensation and dis 
ability are concerned At times the patient can tell of one specific iso 
lated injury to his back such as a jolt which forced him to sit dowai 
with his spinal column flexed and gave nse to back pain or snapping 
of the back while he vvas forcefully lifting a heavy object 

When the patient has difficulty recalling any undue stress or strain 
to the back if he is not engaged in a heavy occupation the question 
of a degenerative lesion as the cause of the protrusion arises 
Intervertebral disks in the lumbar portion of the spinal column 
ue the ones most often protnided These lesions are diagnosed more 
997 


J GRAFTON LOVE 


easily than those that occur in the cervical and thoracic portions of 
the spinal column but I am sure the high mcidence in this segment 
is due to something more than easy diagnosis Some intervertebral 
disks are more vulnerable than others Wore than 90 per cent of die 
protruded lumbar disks occur at the last two lumbar interspaces 
whether the patient has the usual five lumbar vertebrae or the less 
common four or six lumbar vertebrae 

DIFFERENTIAL DIAGNOSIS 

Although the neurologic examination is helpful in the diagnosis and 
localization of protruded intervertebral disks, it cannot be rebed on 
m all cases Absence of an Achilles reflex more frequently means a 
protrusion at the lumbosacral interspace than at one of the other in 
terspaces, but many times we at the Clinic have removed a protrusion 
of the fourth lumbar disk which has produced the patient’s symptoms 
and signs includmg absence of the AiAilles reflex I also have removed 
two neurofibromas from a nerve root in the upper part of the lumbar 
region in a case in which the history and findings were indicative of 
involvement of the first sacral root by a protruded lumbosacral disk 
Motor weakness and atrophy of the calf muscles occur but these signs 
are not common when only one nerve root is affected Rarely foot 
drop will occur as the outstanding neurologic sign in protrusion of a 
lumbar disk 

Ordinary roentgenograms of tlie spinal column should be made w 
all cases m which the presence of a protruded intervertebral disk b 
suspected Primary and metastatic neoplasms must be excluded 
Rheumatoid arthritis occasionally will mimic a protruded intenff 
tebral disk More rarely a protruded intervertebral disk may be 
present m association with rheumatoid spondyhtis Spondylolisthesis 
and spondylolysis also must be detected by roentgenographic visu 
ization of the spinal column The finding of a separation of the neura 
arch does not exclude protruded intervertebral disk for protrusions o 
lumbar disks in association aie rather frequent 

In simple protrusions of intervertebral disks, the spinal column ina' 
appear to be perfectly normal m the roentgenogram Narrowing o J” 
interspace may be slight to marked Congenital anomahes such a 
spina bifida occulta, bifurcation of a transverse process or unjia er 
or bilateral sacralization of the transverse process of the last luffl 
vertebra may be present or a high riding first sacral segment may 
found The importance of these congenital anomalies in cases ° 
traded intervertebral disks is not fully understood, but they pro ® 
are of httle significance ij 

If is my feeling that m all cases m which the presence of pro , 
disk IS suspected lumbar puncture with examination of spma 
should be performed before operation 
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Diagnosis of most lesions m the cervical portion of the spinal 
column can be made \vithout myelography Diagnosis of most lesions 
m the thoracic part will require myelographj with an opaque medium 
such as lipiodol or pantopaque If an opaque oil is used it should be 
removed immediately after e’camination If lumbar lesions are present 
the lumbar portion of the spinal canal should be visualized after in 
jection of air or oxygen It is true that the majority of the protrusions 
of lumbar disks occur at the last two lumbar interspaces and these two 
interspaces are explored easily through a short incision but it is 
equally true that a protrusion of a third lumbar disk will at times 
mimic a lower lesion completely Also protruded intervertebral disks 
are frequently multiple {about 10 per cent) Recently I removed a 
protrusion from both the third and fifth interspaces at the same opera 
tion and one of tliese undoubtedly would have been o\erlooked if 
a preoperative spvnogram had not been made Occasionally not rarely 
a neoplasm of the spinal cord is suspected first when the protem con 
tent of the spinal fluid is reported to be unusually high (more than 
100 mg per 100 c c ) or a defect clnractenstic of neoplasm rather 
than of protruded intervertebral disk is seen in the spinogram * It is 
important to emphasize the fact that spinograms often fail to show 
any defect when a protruded intervertebral disk is present This 
should not deter the experienced surgeon from canning out necessary 
treatment The spinogram is a laboratory procedure and must be in 
terpreted in the lidit of the patients history and examination ^Vhen 
results of spinograplnc examination arc positive but the history and 
findings do not indicate the presence of a lesion the spinogram should 
be disregarded when results are negatwe and the clinical findings 
are positive it also should be disregarded 
Cases i and 2 presented dilRciilliex m the differential diagnosis but 
the diagnosis was made before operation 


Case 1 -In 1945 the patient a while woman twenty three years of age came 
to the Clinic Four months before she had undergone elsewhere laminectomy of 
the fifth lumbar vertebra %vith attempted fusion of the lumbosacral region because 
of midlne lumbosacral pain This pain had been aggravated when she walked or 
laughed but it d d not eatend mto either extremity Strangely enough immedi 
ately follo\ving operaUon the back pain had been relieved but as soon as the 
paUent returned to her home she began to have the same discomfort m the lower 
part of the back and in addibon pain extended mto tlie left groin She was in 
bed from the tune that she returned to her home from the hospital until she was 
bicraght to Ihe Clmic on a stretdier On admission to tho Climo the patient ivas 
hospitalized She was m so much pain and was so emohonaUy upset U at neuiolomo 
esamination 'vM a most impossible Honejmt except for slight leducbon in the 
"O ■» the reflexes were obsened It svas im 

possible to demonstrate any loss of sensation The piuent could not stand up so 
that her abil ty to i^ll. and spmal mobon could not be tested The marled siL? 
ness of the lower exbemibes seemed to be due to pain and fear ^ 

Lumbar puncture was performed at the second lumbar interspace the fluid 
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was found to be yellow a subaiachnoid blodc was present and the total ptolem 
content of the fluid svas 2 500 mg per 100 c c 

A diagnosis of tumor of the spinal cord was made and operation for iB re- 
moval was advised A large, hemangio-endothetioma opposite the second tod 
and fourth lumbar vertebrae was removed through a lammectomy wound 

Tlie patient s convalescence was entirely uneventful By the fifteenth day fd 
lowing the operation she was up and walling around the hospital unassisted ind 
without fear 

A diagnostic lumbar puncture prior to tlie ongmal operation might have pie 
vented t)ie prenous useless procedure 

Case 2 is another case m whidi neurologic exanunatiou was ims 
leading and without a spmogram the exact site would not have b«ti 
known 

Case 2 —The patient a physician forty years old came to the Clinic complaii' 
mg of low back and left sciabo pain which had had its onset twelve years be 
fore The pain was present In the lower part of the back and it extended dinui 
the left lower extremity to the anile and large toe Coughing meezmg and mo- 
tion aggravated the pain 

Neurologic examination revealed that the patellar and Achilles reflexes were 
normal The only sensory impairment was m the lldid lumbar dermatome on tw 
left Visualiiation of the spinal canal after miccOon of air revealed a defoimtv or 
the air column at the fourth lumlw interspace and no air opposite the fifth Ii® 
bar interspace Tliese findings suggested either a large protrusion of the foow 
lumbar disk or protrusions of the fourth and fifth lumbar disks The spinal cmw 
was normal opposite the upper three lumbar interspaces The concetitrsbon f 
protein in tlie spinal fluid was 60 mg per 100 ce . 

At operation a midlme protrusion of the fouttli lumbar disk and a left la«™ 
protrusion of the lumbosacral disk were removed and pain was relieved 

niornvsioy of ccrxical intfkwrtfdrai disk 

\Viien prolrusion of a dixk occurs in the cervical portion of tf'* 
spinal column a lower cervical disk most often is affected The 
trusion usually results from injury to tlie neck The symptoms may w 
low immediately on injury or occur subsequently The symptoms 
con'ist of root pain or they may be those of compression of the cenn 
portion of the spinal cord depending on whether the fragment 
cartilage projects into the spuni canal laterally and irritates and cc® 
presses one nerve root or projects m medially and compresses 
spinal cord itself ^ 

When root pain is present good results are obtained from 
of the offending fragment of protruded disk Compression of the 
IS a much more serious problem and oftentimes irreparable 
has occurred to the cervical portion of the spmal cord before the 
pression is relieved , t,} 

Case 3 illustrates a typical protrusion of a cervical disk and ' 
can be expected from surgical treatment 
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Case 3 —The patient, a white p>:in fortj five j'eats of age was referred to the 
Clime. His chief complaint was of oene pam m the left arm of four months 
duration The historj resealed that he had been m an automobile acadenl six 
years before, but so far as he tnew he had no ill effects from the accident. Four 
months before coming to the Clinic, he twssted his neck suddenly and one hour 
later a tinglmg sensation developed m the left thumb He related that the sen 
sation bad felt like an electric current going mto the thumb and this distress 
had been constant for sii weeks He bad received osteopathic treatments and the 
sensabon had disappeared but since the onset he had had mild achmg to the left 
of the midline of the neck from the upper potboa of the trapeaus mnsde down 
to the deltoid region and m the puddle third of the postenor part of the left fore- 
arm on the radial side Three weeks before caammabon at the Clinic this pain had 
become severe and had continued The pam was made worse when he turned hi-y 
head to the left or extended his neck- Coughmg d-d not mcrease pam. Acetvl 
salicjhc acid did not reheve it The disturbed his sleep and varied m mien 
sity during the twenty four hour penod- 

Results of neurologic eiammaboa were objectivelv negahve Bendmg the neii 
to the left or backward produced and aggravated the pam. Scalene taaneuvets 
did not reveal any abnonnahbes On orthopedic examinabon it wns noted that the 
pabent tended to hold his head tilted forward and some tenderness was found to 
tne left of the rmdlme of the cervical vertebrae Movements of the arm and sboul 
der were normal Roentgeuolopc etammabop of the cervical portion of the spinal 
column revealed some aithntic changes involving the vertebrae and a Healed fracy 
lure of the spmous process of the sixth cervical vertebra 

Because the symptonts and signs were consistent with the diagnosis of pro- 
tnided cervical disk lumbar puncture was advised Evidence of a subarachnoid 
block was cot found, the Quid was clear and the concentrabon of protein was 40 
mg per 100 cc of cerebrospoul fimd. Laminectomy for the removal of a pro- 
trude mtervertebral disk was advised. 

The pabent was placed m the upright posibon which is used for operabons m 
the posterior fossa of the cramum and for cervical lunmectomy 'Ae cervical 
musdes were reflected on the left side opposite the spmous processes of the fifth, 
sixth and seventh cervical vertebrae The kft Limma of the sixth cervical vertebra 
w-as removed. At the upper lateral angl^ a nerve root compressed by a protruded 
dufc could be palpated Congesbon was marked around the nerve root an d the 
root was displaced backward by the protruded disk. Then the left tim.m of the 
fifth cervical vertebra was removed m order to pack off the lirge congested ves 
seU and isolate the sixth cervical root ax jt crossed the £fth cervical atsrspsce 
'fulbple small fragments of Bbrocarblage which consbtuted a tvpical protrusion 
of the cervical disk were removed This freed the nerve nxit enbreK of pressure 
A small pledget of muscle was used to control hleedmg from the large extradural 
vessel above the nerve root and the wound was closed m Lavers without drainage 
Fifteen davs later the pabent was dismissed from the Clmic The wound had 
healed by pnmary mtenbon and the stiffness of the neck which had been present 
prior to operabon was subsiding Four months later the pabent was re-eiamined 
and at that time the results were considered to be good 

Uiulateral approach nhich nsuaB> requires hemilaminectoinj should 
he emplored m remm-al of the protruded portron of the ceraacal disk 
if root pam is the prmcipal sjmptom If the spmal cord is compressed 
hr a large tmdhne protnision, then bilateral larmnectoms often js 
necessan The articular facets should be presen ed alrcacs to mam 
lam slabihu of the cenacal portion of the spmal column 
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PROTUUSION OF THORAaC INTERVERTEBRAL DISKS 
pTOtrusjons of thoracic disXs have been encountered rarely at the 
Chnic, possibly because they occur infrequently and ate difficult to 
diagnose Tlie symptoms may be root pam or paraplegia depending 
on the size and position of Inc protmded fragment of die disb 
A ty^iical case of protrusion of a thoracic disk is illustrated by case 4 

Ctsc 4 —The patient a roan ^vas forfy years of age at the tune of operation 
m December 1937 He had been coming to the Clinic for tliree and a half jean 
because of backache winch was ascribed to lumbosacral artlintis In 1934 went 
genologic erainination of the spinal column revealed deBmic lumbosacral arthn 
lis In December 1937 Uie patient was referred to tlic neurologic section for a 
check up pnot to consideration of an operation to bring about lumbosaonl fuswo 
It was learned that at the age ol sixteen or twenty four years before he had 
begun to have attacks of lumbago about twice a year Since 1927 he had had 
constant dull aching pam across tlie lower part of tlie back which was aggravated 
by mobon 

The neurologic exammation gave entirely negative results A marled diange 
was shown at tlie lumbosacral space m the roentgenograms and It seemed unlAeiy 
that this was the entire cause of the patients backache smee be had not had an' 
extension of pam to the sciatic region It seemed Uiat, wfh the clianger pressat 
d the backache were due to the lumbosacral artliribs one or both sciatic net\« 
would have become involved secondarily 

A combined lumbar puncture and epidural injccbon was advised and was p« 
formed with a caudal needle m the sacral hiatus Each time a fraction of 10 ct 
of 1 per cent solution of procaine liydtoclilonde was injecteJ die paSenl tm 
plained of severe sharp pain in the lumbcwacral region Pam did not 
either hip or leg A spinal puncture needle xvas introduced into the fourth tow 
Intenpace and clear fluid was obtained No evidence of subarachnoid block 
found at this time nor when the reverse Queckenstedt test was made A 
of fluid was removed for examination and it wax reported tliat it eontamea lotu 
protein of 120 mg per 100 cc Tlie elevated level of total protein In the spin 
fluid seemed to indicate tliat an intraspmal lesion was the cause of Oe low’ 
pain 

On December 14 1937 &cc of radiopaque oil (hpiodull was Introducea 
the Erst lumbar subarachnoid space for roenlgenoscopic examination This 
closed a persistent defect opposite the Interspace between the eleventli wd twe 
thoracic vertebrae On December 20 1937, laminectomy cons sting of the 
of the spines and laminae of the eleventh and twelfth thoncic vertebrae 
formed The llgamenlum flavum between Ae eleventh and twelfth ^ 

inae was thickened and fibrotic particularly on the nght side Extraau^'iy 
anteriorly on the right was a protrusion of the intervertebral disk The , 
was retracted to the left tlie eleventh thoracic disk popped out and this re > 
the spinal cord of compression The dura mater was opened the racIiop34“Jj|^ 
was washed out and the dura mater was sutured with a stitch of 

Following operation the patient made an uneventful recovery 
pletely reheved of his backaclie 1 have bad an opportunity of seeing tl is f« 
frequently since operation He has worked full time since shortly after 
and has bad no further trouble wjfli his back The lumbosacral arthntis o 
persists 

In removing the protruded portion of thoracic disks, 
hminectomy usually is performed rn order to obtain adequate 
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sure and to a\ oid trauma to the spinal cord The articular facets should 
be preserved although in the thoracic region this is not as important 
as it IS m the cervical portion of the spinal column 


PROTRUSION OF LUMBAR INTERVERTEBRAL DISKS 
Protrusion of a lumbar dish produces low back or unilateial sciatic 
pam or both in the vast majority of cases In about 2 or 3 per cent of 
cases, paraplegia will be present at the time of operation because the 
protrusion is unusually large or because onset of symptoms is un- 
usually sudden and the cauda equina has not had time to adjust itself 
to the pressure exerted by the cartilage 
The patient usually limps or has so called sciatic scoliosis or tilt 
of the pelvis The scoliosis is usually away from the side of the pain 
although it may be toward the pam Scoliosis may be ev ident only on 
flexion of the back He handles himself carefully m order to avoid 
aggravation of this pain The back is usually flattened with loss of 
the normal lumbar lordosis and the erector spinae muscles are in 
spasm Motions (especially hyperexlension), active and passive, of 
the spinal column are painful and limited Usually localized tender- 
ness IS present in the lumbosacral region Tlie straight leg raising test 
IS positive on the side of the sciatic pain and often lifting of the op 
posite straight leg is limited with reference of pam along the involved 
sciatic nerve 

In many cases, there is objective evidence of neurologic involve 
ment, such as a reduction or absence of the Achilles or patellar reflexes 
or reduction of sensation m the skin supplied by the invohed ner\e 
root Many patients without objective neurologic findings give a his- 
tory of paresthesia m the lower extremities 
The average age of patients at the time of operation for protruded 
intervertebral disk in the lumbar region is about forty years Typical 
protrusions have been found in a patient twelve years of age and m 
patients in the seventh decade of life 

In most cases at the Clinic in which the so called disk syndrome was 
present bouts of low back pain or sciatic pain or both had recurred 
for several years Many patients have received many types of so called 
conservative treatment before the real cause of disability was deter 
mined or because they felt that they had responded satisfactorily to 
conservative treatment 


When the patient’s pain and disability have become mcapacitatinr 
or definite neiirolocic signs develop and diagnosis of protruded inter- 
vertebral disk IS definitely indicated the necessary treatment to eradi 
cate the pathologic condition should be undertaken 
Surgical Trealment.-The operation for the removal of a protruded 
intervertebral disk m the lumbar portion of the spinal canal should 



1004 


J GBAFTON LOVK 


be that procedure which, m tlie hands of the particular surgeon, Kill 
give adequate exposure for the removal of the offending carulag” 
without undue danger of damaging tlie ciuda eqmna or oiber 
structures In the ma)onty of my cases I remove the profmded diif 
after unilateral subperiosteal reffectJon of the erector spinae musdej 
opposite the mvoh ed interspace uatlioul sacrifice of anj hoae ‘ Tfetf 
Iigamentum flavum Is resected from the base of the interspinous Iiga 
ment foteraf/y to the facets If the interlammal space w asizow ss3 
will not permit the introduction of the sucker tip, the n^t angled 
nerve root retractor (6g 410), or the modified Gruemvald forceps 
then the margin of one or both laminae is removed with the Kemsco 
bone biting forceps At times the protruded fragment of cartilage b 
loo large to be removed without removal of a portion of a lanuna and 



Fig 410 —Extent of the operative procedure In the a\eraee cas* 5™^ 
inler> ertebral disk The special nght angled retractor is retracting the eoei“'‘ 
compressed nerve root and CTt^osina: the protruded disk which Kill be 
with the Ctuenwald forceps fLovc J C md tValdi hf N Surg CyoM 
Obst Vol 77} 

again the congested extradural vessels may cause troublesooi® 
mg necessitating mote eiqiosure than is provided between the 
laminae , 

The involved nerve root is usually hypenrntible and t^e ^ 
often IS bound down to the protnided portion of the dish. 

IS gently freed from the piotroded part of the disk, and reb^clen ^ 
of the way by an assistant who holds the right anglf'd nene root 
tractor If, as is often the case the fragmented cartilage is 1^? 
m the spinal canal it is grasped with forceps and removed 
opening in the posterior lon^ludinal ligament and annuh'S fi ^ 

IS searched for and any loose fragments m the space betueeo ^ 
tebral bodies are removed No sharp cutting or curKting diW 
the interspace and no attempt is made to remoi e the enWe ok 
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the protruded pnrt consists of a conical mass which is resihent when 
touched with a forceps, the stretched out posterior longitudmal liga 
ment must be opened before tlie fragments of disk can be removed 
Usually this ligament is opened easily with the end of the bayonet 
forceps and, as the restrainmg influence of the ligament is removed, 
the curled up protruded part of the disk unwmds itself Then it is re- 
moved At times the hgament is tough and mcision with a ureteral 
or oilier knife is necessary to free tlie fragments of disk 
If the patient has had bilateral sciatic pam or low back pam with- 
out sciatica, due to a midline protnision of a lumbar disk, it is belter 
to reflect the muscles bilaterally opposite the involved mlerspace and 
be prepared to remove the entire ligamenlum flivum and the inter 
spinous ligament At times it is advisable to remove the adjacent 
margins of the spinous processes and even of the laminae so that the 
entire dural sac may be elevated without compression against the 
neural arches while the fragmented protruded disk is removed 
Originally, we removed tliese lesions transdurally, but that type of 
operabon subjects the cauda cquma to unnecessary nsks 

After the fragmented carblage has been removed and the cauda 
equina has been freed of pressure, the wound is closed in layers with 
out drainage 

Postoperative Care.— The pahent is placed on his side in a bed 
that has boards between the mattress and springs and a pillow is 
placed at his back to prcv ent him from rollmg over on his dressings 
In the first twenty four hours he is turned by the nurses every four 
hours and sufficient hypnotic drugs are given to control pain At the 
end of twenty four hours the pabenl is allowed to turn himsell at will 
The afternoon of the fourth day (counting the day of operabon as the 
first) he IS allowed to sit on the edge of the bed and tint evemng 
receives a dose of castor oil The next day the patient is permitted 
to go to the bathroom or use the bedpan, whichever he prefers, and 
from then on he imy be out of bed whenever he likes The amount of 
walking IS increased each day until he leaves the hospital, usually be 
fore the tenth postoperabve day The sutures m the skin are remov ed 
on the sixth postoperative day 

All patients at the time of dismissal are advised to spend three 
months convalescing before returning to their usual acbvilies If 
residual soreness is present in the back at dismissal, local heat and 
gentle massage are advised The operative mortality rate in these cases 
has remained at 025 per cent in the Clinic 

CO’MDINED OPERATIONS 

The term 'combmed operation" for intervertebral dish denotes an 
operation participated in by both orthopedic surgeon and neuro 
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A combined operation is perfonned ( 1 ) when indications of a pro- 
truded mtervertebrnl disk are definite and an associated condition 
requires fusion of the spinal column, (2) when it is not entirel) cei 
tun that a protruded intei^erttbril disk is present but fusion is re- 
quired and (3) when protrusion hns occurred but the indications for 
fusion are not definite and the finil decision must be made at open 
tion 

For patients who h'i\e protruded intervertebral disks and also hue 
spondylolisthesis or spondylolysis, to stabilize the abnormally unstable 
back spinal fusion should be performed at the time the protruded 
intervertebral disk is removed Other patients are benefited by the 
combined operation but the indications are not as cleir cut and the 
idvice has to be bised on the problems involved in the individual 
case All patients at the Clinic who are suspected of having a pro- 
truded intervertebral disk are examined by both an orthopedic surgeon 
and a neurosurgeon and tlie former decides whether or not fusion 
should be done 

The fusion operation usually consists of the application of a mas 
sive bone graft from the tibn opposite the fourth and fifth lumbw 
vertebrae and upper bvo segments of the sacrum Patients «ho haif 
the combined operation no longer require casts and they ate kept a 
bed for three weeks only Tins satisfactory treatment has relieved tr? 
mendously the economic burden previously placed on these patients 
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FURTHER OBSERVATIONS) ON THE TREATMENT OF 
CARCINOMA OF THE PROSTATE BY BILATERAL 
ORCHECTOMY 

Laurence F Greene and John L Emmett 

From June 1, 1941, to December 31, 1943, mclusi\e, bilateral 
orchectom> w as performed m 220 cases of carcinoma of the prostate 
at the CUnic In a previous report of this group of cases,- the analjsis 
of the results was based on follow-up data which had been obtained 
up to May, 1944 In the present paper, we shall report further obseiaa 
tions which are based on follow up data which ha\e been obtained up 
to May, 1945 

We hai e been able to obtain follow up data in 219 of Uie 220 cases 
This report will be based on the 219 cases m which follow-up data 
are aiailable Eight) -two of the patients haie returned to the Chnic 
one or more tunes since bilateral orchectom) was performed In the 
remaining 137 cases, follow-up data were obtained by letters of in- 
quir> 

As we reviewed these cases, it became apparent that the eiitue 
series should be dnided into two groups (1) those m which there 
was clinical, roentgenographic or chemical e^adence of metastasis at 
the time orchectom) was performed, and (2) those m which there 
was no evidence of metastasis when the operation was performed 
From a stud) of these groups we had hoped to determine, among 
other things ( 1 ) whether orchectomy increases the period of survw al, 
and (2) whether it is adiisable to perform orchectom) as soon as a 
diagnosis of carcinoma of the prostate is made, or whether it is ad 
Msable to await the appearance of symptoms or signs of metastasis 
However, we are not able, at the present time, to answer these ques 
tions We do not believe tliat we ha\e followed our patients for a suffi- 
cient length of time to draw statistical comparison betw een this group 
of patients and a similar group of patients who had carcinoma of the 
prostate but were not treated by orcliectoms We hope to present 
such a comparison in a subsequent report 

We shall first consider the entire group of 219 cases in which 
follow up data were asailable We then shall consider the 167 cases 
m which metastatic lesions were present when orchectom) was per 
formed and the fifty-two cases in which there was no endence of 
metastasis when the operation was performed 
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SI/R>1\AL RATES 

Tlie survival rates, in relation to the length of time of the follow up 
study are sho\vn in table 1 It will be noted that all of the 219 paUenh 
were followed for more than one year and that T8 per cent of them 
survived the first year, similarly, of 179 patients followed for two jean 
or more, 55 per cent survived for this period or longer These figures 
are almost identical with those reported by Tliompson® for a senes d 
cases of malignant lesions of the prostate gland in which the patiecls 
were treated by transurethral resection and irradiation at the Chmc 
in the years 1924 to 1941, inclusive It should be pointed out, how 
ever, that the two groups are not strictly comparable for several lea 
sons The special iJroup of 326 patients in the senes leported h) 
Thompson were follossed for a minimum of five years whereas out 
patients were follow ed for a shorter time Furthermore, in the cases 
reported by Thompson, tlie penod of survival was computed from 
the time the diagnosis was proved by transurethral resection whereas 
m our group the period of survival was computed from the dale cf 
orchectomy, which in many cases was not performed for a consider 
able time sifter transuretliral resection In some cases, the diagnoii5 
had been made and resection may have been performed months or 
years before orchectomy 

CASES IN Elicit METASTASIS HAD OCCURRED BEFORE OPEBATIO 

In 167 of the 219 cases there was clinical roentgepogr apla o ^ 
chemical evidence of metastasis when orchectomy was perfotciw- 
The survival rates, in relation to the length of lime of the foUo'VUp 
study, are shown in table 1 Of the 167 patients, fifty four were 
and 113 were dead as of May, 1945 The fifty four pabents who 
alive had lived an average of thirty months since orchectomj Ta i 
2 shows the number of months m trimesters that these patients 
remained alive The 113 patients who were dead had lived an a\er35e 
of 15 4 months Table 2 shows the number of months in trunesters 
elapsed between orchectomy and the time of the patents’ cea&s 
will be noticed that 33 (20 per cent) of the patients who snow^ 
evidence of metastasis died wilhm tlie first nine months after oprf 
bon In other words, 87 per cent of our patients lived for nine 
after orchectomy whereas, in the senes W cases reported by 
33 per cent of the pahenls lived for the same penod It 
pointed out however, that Dumpus made his report m 1926 ‘ 

our impression that the prognosis in cases of caremoma of the P”’ 
m which metastasis has occured has improved m recent jeirs 
before the use of orchectomy m these cases , 

Relief of Pain —An unportant phase m this 
of metastatic pam by bilateral ordiectomy, both as regards the y 



TABLE 1 — BEBIOD OF SURVIVAL 
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of relief and the duration of such relief Furthennore, the qupstjoa 
arises as to whether the prognosis is better m cases m which the pa 
tients receive complete relief of pain by orchectomy In an effort to 
stiid> these problems we asbed the patients who had suffered from 
metastatic pain prior to orchectomy to state, m percentage form the 
degree of relief they secured Of the 167 patients who had endences 


T\DLF 2 — PEIMOD OF SUIVV1\AL IN CA'^ES IN WTIJCH METASTATIC U«10M 
WEHr PREsrNT mitN ORCIIECTOMI was PERFORMEn 


1 
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• ETiliiclmg one paUent who «)»«i m the liospttal 


of metastasis prior to orchectomy, 132 complained of metasta^ P 
Table 3 shows the degree of relief that tlicse patients secured ro 
the operation The results are classified further on the 
degree of malignancy of the prostate according to Broders inew 
grading (in cases in whidi such data were available) It utay 
that eighty four patients secured either complete or great reh 
metastatic pun by orchectomy It can be stated, therefore, tha 
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than 60 per cent of the patients had metastatic pam obtained 
great immediate relief by orcbectwny Furthermore it appears that 
the degree of malignancy is not a ficfor in flie immediate results ob- 


TABLE 4 — DtmAnON OF HEUEF PnOSl X»AIN m 60 CASES JN S\mcn MET 
ASTATtC LESIONS WEHE FnESEm" WHEN OnClIECTOMY AS PERFOB^fED 


Duration of Heiief fram P«r ^fo9 


Costs 


4- 6 
t 9 
10-32 
13 15 
3fr-38 
19-21 
22 - 2 » 


25- 27 

26- 30 
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Belief still present 
Dniinown 


Total 


6 

6 

10 

5 

4 

1 

2 

1 

3 
1 

17 

4 
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TABLE 5 —GRADE OF MALIONANCY AND INTERVAL OP TIMF SINCE 

oncuFcroMY nv n cases in 'nnic« sietastatjc 
PAIN IS STILL ABSENT 


Interval Since 

Grade of Malignancy 

Cases 

Operation Mos 

1 anU 2 

3 and 4 

UnVno vn 

16-lS 
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2 

19 '’i 
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22 2t 
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2-. 27 
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1 

28 30 
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2 

3t-36 


j 

1 

2 
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40-42 



2 


Total 

7 

S 


17 


tamed These findings are similar to those which we ha^e reported 
previously ® 

In our last report we stated that the pain recurred m tvventy eight 
(47 per cent) of the swty cases m which it had been relieved com 
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signs of metastasis before death Metastatic lesions usually appeared 
ten to fifteen monlbs after orchectomy 

INCIDENCE OF RECUIinENCE OF URINARY OBSTRUCTION AtTER 
TRANSUUETUIWL RLSECTION AND ORCHECTOMY 

The role of orcliectomy m the prevention of symptoms of recurrent 
urinary obstruction after transurelhtal resection has been a subject 
of uiterest In our previous report >ve called attention to the fact that, 
during the >ears 1937 to 1941 mciusive, 517 patients who had car 
cmoma of the prostate gland underwent transurethral resection at the 
Clmic Twenty two (4 pet cent) of these patients returned within the 
first year because of recurrent obstruction which required furdier re 
section while eleven patients (2 per cent) returned for the same 
reason during the second year after resection All patients in this ^oup 
had been followed for two or more years It is impossible to com 
pare tins group with our group m which only 179 of the 219 pabenls 
have been followed two or more years From the date available how 
ever, interesting deductions can be made Of all patients in our group 
who underwent simultaneous transurc^ral resection and orchectomy, 
only one patient (04 per cent) returned within the first year because 
of recurrent obstruction This patient returned to the Chnio hvelve 
months after operation Three other patients returned because of a 
recurrence of urinary obstrucUon lo the second year after the opera 
tion In these three cases the resection was repeated Transurethral 
resection had to be repeated in four other cases In these cases the 
original transurethral resection had been performed more than two 
years before orchectomy In two cases in which transurethral resec- 
tion had not been performed previoiisly, the patients returned to the 
Clinic for resection seventeen and twenty two months respectively 
after orchectomy was perfonned These findings appear to indicate 
that orchectomy tends to prevent the recurrence of urmary obstnic- 
tion after transurethral resection 

SUMMARY AND CONaUSIONS 

The patients in this senes of cases have not been followed for a 
suflacient length of tune to permit us to state whether orchectomy m 
creases the period of survival more than does transurethral resection 
alone or m conjunction with irradiahon in cases of carcinoma of th® 
prostate gland This question cannot be answered until the patients 
have been followed for a longer period and the results compared with 
those obtained bv transurethral resection in a similar group of case^ 
We hope to report the results of such a study jn the future 

The three year survival rate was 30 per cent in cases in which 
metastabc lesions were present when orcbeclomy was performed lo 
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cises xn \\hicli Uxcre \ms no CMdcncc of mclastisis when orchectomy 
was performed, tlxc three >car suimvtI rate was 73 per cent 
AlUiough we cannot >et be sure whetlicr castration wall prolong life 
in cases of carcinoma of the prostate gland, we are sure of its therap 
eutic \alue for pain caused by metastasis of carcinoma of tlie pros 
late Our stud) indicates that at least 60 per cent of patients who have 
metastatic pain will immediatcl) obtain dramatic relief by orcheclom) 
Unfortunately, in approximately one half of these cases the pain may 
be expected to recur w itliin four to fifteen montlis 
At tlie present time, we are performing orchectomy only in cases of 
circmoma of tlic prostate gland walh metastasis m which the mela 
static lesions are producing symptoms Furtlier study of the results of 
this operation may bring about a change m our method of treating 
patients who ha\e carcinoma of the prostate gland 
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Signs 0 ? metastasis beCoie death Mctastatvc lewoas usually appeared 
ten to fifteen montlis after ordiectwny. 

INCIDENCE OF aECURnENCE OF 13RINARY OBSTRUCTION AFTER 
TRANSURETIIIUL RJc,SECnON AND ORCHECTOMY 

The lole of orchectomy m the prevention of symptoms of recurrent 
urinary obstruction after transurethral resection has been a subject 
of interest In our previous report we called attention to the fact that, 
durmg the years 1937 to 1941 inclusive, 517 patients who had car- 
cinoma of the prostate gland underwent transurethral resection at the 
Chnic Twenty t%vo ( 4 per cent) of these patients returned wthm the 
first year because of recurrent obstruction which required further re- 
section, while eleven pabents (2 per cent) returned for the same 
reason during the second year after resecbon All pabents in this group 
had been followed for two or more years It is impossible to com 
pare this group with our group in which only 179 of the 219 patients 
have been followed two or more years From the data available, how 
ever, interesting deducbons can be made Of all patients in our group 
who underwent simultaneous transurethral resecbon and orchectomy* 
only one patient ( 0 4 per cent) returned within the first year because 
of recunent obstruction This patient returned to the Clinic twelve 
monUis after operation Three other pabents returned because of a 
recurrence of urinary obslrucUon in the second year after the opera 
boa In these three cases, the resecbon was repeated Ttansuiethral 
resection had to be repeated in four other cases In these cases, the 
original transurethral resecbon had been performed more than two 
years before orchectomy In two cases in which transurethral resec- 
tion had not been performed previously, the pabents returned to the 
Cbnic for resection seventeen and twenty two months, respectively, 
after orchectomy was performed These findings appear to indicate 
that orchectomy tends to prevent the recurrence of unnary obstruc- 
tion after transurethral resecbon 

SUiMMARY AND CONQUSIONS 

The patients m this series of cases have not been followed for a 
sufficient length of time to permit us to state whether orchectomy la 
creases the period of survival more than does transurethral resecbon 
alone or in conjunction svitb irradiation m cases of carcinoma of the 
prostate gland This question cannot be ansivered until the patien^ 
have been followed for a longer period and the results compared with 
those obtained by transurethral reser^on in a similar group of cases 
We hope to report the results of sudi a study in the future 

The three year survival rate was 50 per cent in cases m whi^ 
metastabc lesions were present when orchectomy was performed In 
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occurrence of carcinoma, when other factors ma> produce an opera- 
te e mortality rate whicli is considerably higher, particular!) if the 
complete hysterectom) is being performed by a surgeon not skilled 
in Its execution 

For many )ears erosions and lacerations with infection, exersion of 
the mucosa and pol)ps ha\e been considered to ha\e a definite rela- 
bonship in the induction of carcinoma About the onl) exidence at 
hand to support this is the higher incidence of carcinoma when these 
conditions are present but they cannot be the dominant factor since 
a high percentage of carcinomas of the cervix are seen in nulliparas 

Recentl), intensive pathologic studies have been made routinely 
of cervices which have been removed at total h)sterectom) for lesions 
other than those of the cerv ix in order to sec if early malignant lesions 
of the cervix were being overlooked Tlie findings suggest that 
epithelial hyperplasia and nonmvasive carcinoma exist m a larger 
number of cases than had been thought previously In the Clinic 
biopsies of cervices which are at all suspicious and which are not 
obviously carcinomatous are taken roulmel) A surprisingly larger 
number of cases of carcinoma-m situ were found than were found 
before this routine was adopted However, it must be remembered 
that these cervices were not what are considered to be normal Against 
this evidence, which would indicate that the cervix should be re- 
moved, IS the fact that although throughout this country and in the 
British Isles, supracervical h>sterectomy is performed often, statistics 
from all available sources reveal that carcinoma of the cervical stump 
occurs in only about 0 2 per cent of cases m winch supracervical 
hysterectom) was performed However, m many cases m which supra 
cervical hysterectom) is performed, either the endoctrvLx is destroyed 
With the actual cautery or conization is performed preceding hys- 
terectomy The use of these procedures should be recommended on 
the evidence at hand if the surgeon for definite reasons does not wish 
to perform total hysterectomy For the same reason supracervical 
hysterectomy should not be performed with complete disregard of 
the condition of the cervix as has been done ill advisedly m some cases 
of large fibroids or chronic pelvic inflammation This is mentioned 
because gynecologic surgeons often are asked to remove an edematous, 
cystic, infected and often lacerated cervical stump At the Clinic we 
remove about thirty such stumps each year In addition some of them 
had become partly or completely prolapsed because of faulty cervical 
support at the time of hysterectomy 
When abdominal hysterectomy is being considered for any condi 
tion other than carcinoma of the fundus or adnexa, which in itself 
requires complete hysterectomy, the state of the cervix must be ob 
sened carefully and it should be determined specifically at that time 
Mhcther or not the cervLx should be removed completely The cvi 
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dence seems sufficient that the cervix always should be inspected for 
disease of any type if abdominal hysterectomy is considered and that if 
the cervix is diseased complete hysterectomy should be performed or 
local treatment should be given at time of operabon and supracervical 
hysterectomy performed Let me state it another way A definitely 
diseased cervix is an mdicabon for complete hysterectomy if hyster 
ectomy is being considered for any other purpose The operabon 
should be performed by those who are famibar with the technic In 
the hands of those who are not familiar with the procedure local treat 
ment to the cervix such as actual cautery or conizabon should be 
given and should be followed by supracervical hysterectomy 
Alohility of the Cervix —The mobihty of the cervix is an important 
consideration m complete abdominal hysterectomy Certam post 
operabve results such as vaginal shortemng and fixabon of the vagmal 
vault must be avoided regardless of the marital or sexual status of 
the patient If the lesion is mahgnant these results need not be con 
sidered as factors In the nulliparous pabent if the vagina is of normal 
depth and the cervix is normal it is preferable not to perform com 
plete hysterectomy especially if tlie pabent is sbll young and single 
because the vagina remains normal after supracervical hysterectomy 
Also depths of vaginas vary considerably and some have an extremely 
short anterior wall and no anterior fomix Occasionally the posterior 
fOrnix and either of the lateral angles are scarred or fixed from old 
lacerations so that complete hysterectomy would result m more fixa 
bon and perhaps shortening of the vagina Once this occurs it never 
can be remedied and therefore the possibility of development of such 
a condition and the reasons for the choice of the type of operabon 
which IS proposed should be explamed carefully to both husband and 
Wife Fixabon and shortening may seem like irrelevant condibons but 
nevertheless they are real and senous problems 
The cervices of most muUiparas will be more mobile as a rule 
than others unless fixed by lotrapelvic disease This mobihty results 
from separation or stretchmg of the normal attached pelvic fascia If 
stress has been severe enough various degrees of cystocele rectocele 
and prolapse of the uterus will be present Many operations have been 
devised m an attempt to support the retained cervix more adequate!' 
instead of performing total hysterectomy Most of these operations are 
faulty unless they are combined with somewhat more extensive vaginal 
plasbc repair I am certain that a poorly supported cervix is much 
more uncomfortable than a well supported vaginal vault 
^Vllen a clamp across the vagma is utihzed in complete hyster 
ectomy shortening of the vagina will result almost invariably or fixa 
tion will result from trauma In the usual case in which the cervix 
IS moderately mobile and anterior and posterior fornices are redundant 
the vagina can actually be lengdiened by utilizing all of the vaginal 
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wall instead of leaving some of it attached to the cervix The purpose 
of placmg clamps across tlie vagina is to prevent contamination of the 
pel\ic cavity Too much stress has been laid on tlie probability of 
infection extending mto tlie abdomen from the opened vagina If the 
vagina is cleansed xvcll preceding hysterectomy little infection will 
come from this source As a matter of fact, tlie amount of mfection has 
been found to be so insignificant tliat some gynecologists now recom- 
mend leaving the vaginal vault open for more adequate drainage fol 
lowing total hysterectomy or Wertlieim hysterectomy 

When a mobile cer\ ix has been removed at complete hysterectomy, 
it is much simpler and sounder on an anatomic basis to reconstruct 
the \agmal xault than it would be to support tlie cervix adequately 
if Subtotal hysterectomj were performed The principal supporbng 
structures of the cervLx arc tlie cardinal ligaments, which are the 
fibrous, thickened portions of the peKac fascia on either side of the 
cervix opposite the internal os Tliese ligaments must be divided com 
pletely in order to remove the cervix Then they are shortened and 
reattached to the angles of the vagina If these reattached hgaments 
are then pulled laterally or toward the bony wall of the pelvis, which 
IS the point of origin of the hgaments, the vagina actually will be ele- 
vated or lengthened and adequately supported Many moderate 
cystoceles can bo corrected sufficiently by this method also 

The moderately mobile cervix and attached vaginal walls are good 
indications for complete abdominal hysterectomy when hysterectomy 
is indicated and adequate support of the vagina is desired 

CONDITIONS IN VniCFI COMrUTTE ADDO’MINAL HYSTERECTOMY 
IS INDICATED 

Carcinoma of Cervdx.— Malignant lesions of the cervix are not 
regarded generally as an indication for complete abdominal hyster- 
ectomy A few t^es of carcinomas, however, may be treated sur- 
gically rather than with radium Caremoma-m situ or noninvasive 
carcinoma either of high or low grade of mahgnancy is one of these 
types These patients all can be cured by total hysterectomy without 
removal of the adnexa or the subsequent treatment with radium How 
long these lesions remain noninvasive is unknowm, but it is probably 
many montiis This is an excellent reason for recommending that 
biopsies of the cervix be made as an office procedure and that regular 
or periodic examinations be made especially if the patient is young 

It is possible tliat some stage 1 carcinomas (lesion confined to 
cervix) would be cured by total abdominal hysterectomy, but the 
probabilities of invasion of the lymph nodes are too great to do other 
than a radical or Wertheim hysterectomy This operabon includes the 
complete removal of not only the uterus but the paramebaum obtu- 
rator and line lyanph nodes and adnexa The principles of this opera- 
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tion. are sound and tl\e results Irave compared favorably with those for 
carcinomatous lesions elsewhere that have been treated surgically The 
mortality and morbidity hive been gradually reduced so that now 
they are withm satisfactory limits The operative mortality rate fol 
lowing total abdominal hysterectomy for carcinoma of the fundus 
vanes between 3 and 5 per cent Recently more than fifty Wertheim 
h> sterectomies have been perfoinied without a single death and htlle 
morbidity A statistical report of operability glandular mvobement 
and results of surgical treatment eventually should be made just as 
has been done for carcinoma of the breast Also the influence of dn 
betes and tuberculosis on the surgical results should be studied At 
the present it seems most likely that this procedure will be limited 
to stage 1 and somt stage 2 carcinomas Gynecologists as a group are 
showing a greater interest in this operation because it now appears 
to be more effective m the treatment of some cervical carcinomas than 
It previously was considered to be Complete abdominal hj sterectomy 
K indicated definitely in cu.es of carcinoma in situ and stage I car 
cinomas and m some cases of stage 2 carcinomas 
lllahgnant Lesions of Fundits and Adnexa —Complete abdominal 
hysterectomy always has been indicated m cases of operable mahg 
iiant lesions of the fundus and adnexa In treatment of carcinoma of 
the fundus two schools of thought exist regarding prehmmao radia 
tion treatment It vs agreed that the lesion should be removed sur 
gicall) unless conditions other than the rnahgnancy definitely would 
contraindic itc surgical intervention Total abdommi! hysterectomy 
would not be performed m cases of seven cardiac disease or general 
arteriosclerosis with hypertension m which tlae patient perhaps ahead) 
has some residual of one or two vascular accidents Advanced age 
usually IS considered to increase tlie rish of operation greatly for man) 
patients lias e lived beyond their life evpectancy 

The results of preliminary treatment with radium followed in su 
weeks b) total abdominal hysterectomy and also the results of total 
abdominal hysterectomy without preliminarj treatment wath radium 
have been published and can be compared easily We follow the latter 
procedure at the Clinic because we feel that if a lesion is operable 
the sooner it is removed surgically the better the result will be How 
ever in <ome cases of the more malignant lesions the vaginal vault 
IS treated with radium preoperatively and some treatment with roeut 
gen rays is given postoperatively 

Malignant lesions of the adn^n are so quiescent in their develop 
ment (hat they are the most s«aous of ail malignant lesions of the 
female generative tract Ihe mctdence of bilateral involvement is so 
high that conservative operafaon is never justified This is true for 
malignant cy sts as well vs solid carcinomas of the ovary The cliances 
of cure b> radical operation after the lesion has extended to the 
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peritoneum or omentum are poor indeed Also, 10 per cent of these 
lesions when first seen already ha\e extended to the uterus 
It is obvious, therefore, if the patient is to have the best possible 
prognosis from one of the most silent and serious diseases that com- 
plete abdominal h>sterc‘ctomy should be performed and both adnexa 
should be remo\ed, particular!) if the lesions do not give evidence 
of distant metastasis 

Benign InlrnpcUic LeHions.— In cases of benign intrapeUic le- 
sions, per se, it is often necessary to perform complete abdominal 
hysterectomy Tlie condition of the cervix and its mobility arc usually 
the determining points Chronic pelvic inflammation is one condition 
about which there is considerable discussion as to whether complete 
hysterectomy is indicated It has been our experience that in some 
cases it IS indicated and in some it is much wiser to perform supra- 
cervical hysterectomy For example, occasionally the induration in 
the parametrium is so firm and the cervix so fixed that it becomes too 
dangerous a procedure to effect removal Too, repeated drainages 
through the posterior cul de sac may result in a similar fixation 
Generallv speaking a better physiologic result is obtained if the 
cervix IS removed when pelvic inflammatory disease is present, because 
It always is infected m various degrees At times postoperative cel- 
lulitis will ensue if it is left and some of these cervices subsequently 
will have to be removed through the vagina to prevent vaginal dis- 
charge Some urethiitis and trigonitis and discomfort m the low part 
of the back are attributed directly to an infected cervical stump 
Rarely is any systemic disturbance present 
Pyometra is best treated by complete hysterectomy, especially if 
It occurs subsequent to treatment with radium In this same category 
IS chronic endocervicilis associated with chronic endometritis which 
15 seen more commonly after repeated induced abortions 

TECriMCAT DIFFICULTIES 

Ceitain technical difficulties in performing complete abdominal 
hysterectomy should be stressed The most common complication is 
injury to the bladder or a ureter In order to avoid injury of the blad- 
der, one should carefully mobilize it where it is reflected from the 
uterus It IS identified easily by its extreme vascularity Incising the 
bladder is not a serious accident but the incision should be closed im 
mediately I mention this because sometimes the accident is not 
recognized and vesicovaginal fistula occurs immediately postopera 
tively The delayed fistula which occurs between the fifth and tenth 
diy after operation is caused by a suture which passes into the vesical 
cavity and then sloughs through The vesical wall is caught by the 
suture which closes the vaginal vault and this is another reason why 
1 reel that a clamp never should be placed across the vagina 
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The next anatomic difficulty has to do wth the ureter The only 
place m the entire ureter that is fixed or rigid is at the ureterovesical 
juncture About 2 5 cm above this point the ulenne artery crosses the 

^ . j t t . . r » . 


This results in a uretero% aginal fistula or a stricture of the ureter 
This accident can be a\ oided if under these conditions the perito- 
neum of the broad ligament is opened and the utenne arterj is ligated 
back near its source from the internal line artery The ureter then 
should be identified and elevated to be sure it has not been injured 
This accident also may occur during the carrying out of tVertheun 
hvsterectomy N\hich requires the removal of all the parametnuro 
Here the bladder and ureters must be elei aled and some brandies of 
the %esical artery must be ligated The important point is not to in 
terfere too much ivalh the blood supply of the ureter or here again it 
wall slough and produce a fistuli. 

Concluding I would state that there are very definite indications 
for performing complete abdonvuial hysterectomy Some of the most 
pertinent ones I have discussed Also 1 do not believe it should be 
recommended as a routine procedure wlien abdominal hysterectom) 
is indicated but the tN-pe of hysterectomy should be determined bv 
consideration of the indi\ idual case and the opcriUon chosen should 
be tlic one that wnll gi\ e the mxximum of comfort and the minimum 
of complications 
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Catcinoina of breast recurrent and in 
operable treatment Feb 124 
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Cistern puncture, Feb , 89 
Clavicular flaps, Aug , 902 
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^ Feb, 99 
Gr^ts, slcin See Shn Rraftt. 
Guillain-Barre syndrome, protruded 
disk and, differentiation, April, 278 
Gurus transverse incision for cbolecys- 
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cance, June, 574 

Hepatic artery, anomalies, Feb, 212, 
213 


Hernia, diaphragmabc. clinical report 
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obstruction, April, 382 
diagnosis, April, 382 
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lesions of diagnosis Aug 981 
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function major surgery and June 
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arytenoidectomy for April 464 
Lateral ligaments of knee joint test for 
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Lee amputations sites of eleebon 
April 497 
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differentiation from diseases of 
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sympathectomy effects Feb 67 
indications Feb 59 
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sympathetic block Feb 57 
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’ ng 
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nant Ai/g 871 
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of duodenum surgical treatment 
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Mandible fractures Feb 16 

Mastitis cystic clironic diagnosis 
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Maxillary bone fractures Feb 13 
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neck Feb 236 

M irphine tontmindicatcd m aslnnia 
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763 

penphenl lesi ns diagnosis ot 
At nl 432 

pain in upper extremity due to 
Aug 831 
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811 

Nervous system central lesions caus ng 
arm pam Aug 811 
Neuralgia tngeminal alcol ol iniectmns 
for June 775 
medical theripy June 774 
penpheral ncurect mies f r fu c 
778 . 

treatment role of niinr r pr >ceo ire 
in June 774 

Keurectomy penpheral for tngemna 
neuralgia June 778 , 

Ntunnoma of sp nal cord pr^oe 
disk and differentiation A; ni . 
NcuroRbruina of spinal cord removal 
liemilaminectomy for Feb 74 
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Xeiiroginic tumor of mpdi.istmnm, 
Fch. 13-f. Afinl, 290 
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tremity, /\t/c , 810 
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325 

bancuineoiis discharge from, April, 
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Nonunion m fractures of femoral netl.. 

operation for, Fch , 242 
Nose, hcerations about, Feb, 8 


OopiiORECTOMY in carcinoma of breast, 
Fcl>, 126 

Operation, choice of, renal function 
and, June, 674 

Orbit, tumors, indignant 1) mphocylic, 
Aug . R71 

Oithectomy, bilileral, for tarcinoma of 
prostate, further ohsenations on 
Aug, 1007 

Ortb^edic aspects of pun in shoulder 


united 

245 


fenestration operation, how it im- 
proves hearing, Aug, 878 
probabilitl of successful result. 
Aug , 857 

selection of patients, Aug, 876 


Facet s disease of tupnU , diagnosis, 
April, 325 

Pam, intractable, in hip follossing re- 
moval of chondrosarcoma of ilium, 
relief by chordotomy, Feb , 70 
in shoulder and arm, syniposiuni on, 
- , Aug , 799 ^ 
raipition, proctologic, Aug, 986 
lancreas, head, and duodenum, resec- 
tion of, operative teelmic, Aug . 941 
lancreatoduodenectomy, Feb , l70 
rantopon, preoperative and poslopera- 
tive use, in aged, June, 717 
laraldehyde, preoperative and postopi- 
erative use, in aged, June, 716 
laralysis, abductor of larynx, arylcnoi- 
dectomy for, April, 464 
“aravertebral sympathetic block, Feh, 
^ 57. 58 

Parotid tumors, Apnl, 480 
^ jg cartilage defect, detection. Feb , 

P.iuwels method of cuneiform osteol- 
omv m unumted fracture of femoral 
neck. Feb , 246 

Pedicle grafts, Aug , 899 See abo Skin 
Rrafts, pedicle 

PemciIIin in plastic surgery of face, 
heb , 31 


Peptic ulcer, gistnc resection for, man- 
agement of duodenal slump. 
Fch. 200 

operations for, gislrojejonal ulcer 
fonovvmg. June, 751 
Perforating wounds of rectum, April, 
397 

Periarthritis of shoulder, Aug , 837 
Pincarditis, chronic constrictive, sur- 
gical treatment, Apnl, 477 
Pericardium, resection, decortication of 
licart by, April. 480 

Ptnncal urclhrofistula following large 
IkiwcI surgerj, June, 701 
Penneplinc abscess, di.ignosis, April, 

357 

Periosteal outer table grafts in cranio- 
plasty, Fch , 37 

Peripheral ortenes, arteriosclerotic, ar- 
teriography of. Apnl, 331 
|ierve lesions, dugnosis, Apnl, 432 
pain m upper extremity due to, 
Aug , 831 

simulating nipttirccl lumbar in- 
lencrteliral disk. April, 272 
v.a$cular disease, pain in upper ex- 
tremity caused by. A»g . 806 
Plieociiromocytonn of adrenal gland, 
report of two cases with operative re- 
mosal of tumor, Apnl, 368 
Pinch grafts, Aug , 898 
Phsnu infusions in protein deficiency, 
Feb, 192 

Plistic operations for hydronephrosis, 
Apnl, 512 
oil skull, Feb , 33 

repur of face with pedicle gr-ifts 
Irom arm, Feb , 20 

Pneumonectomy, clinic on, stressing 
technic of operation, Fch , 143 
Polvps of colon, Aug, 953, 971 
colectomy for, Aug., 953 
fulguration of, Aug , 974 
roentgen diagnosis, double contrast 
enemas in, June, 594 
of large intestine, terminal portion, 
Aug, 971 

Postoperative care in colon surgery, 
June, 706 

compLcabons, renal function and, 
June, 673 

Premedication in bowel surgery, June, 
703 

Preopemtive care in colon surgery, June, 
706 

preparation, renal function and, June, 
672 

studies, essential, and their signifi- 
cance, June, 669 
Proctologic diagnosis, Aug, 981 
Proctoscopic examination, Aug, 990 
preparation for, Aug , 982 
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lesions oJ dnjfnosis Aug^l 

malignant ksjons. AMg.Sw 

polypoid disease Aug 971 
Irnsatlons wlomc m •'f «» 

twlmal obstruction Aprtl S83 
Isografts Aug 8^S 


I vmnhosarccima of spinal c«>rd pro 
^'tmded disk and diScrcntiation Aiml 


1 bedrest 


Kidney calculi fotTn-itiori 
patients Apnf 444 
function maiot surgery ind June. 


Kings osteotomy for ununited fracture 


Kn^r^bnlm^nt for arthnm Feb 


esammation and diffcrentid dug 

miiinT* ^acutc^^ surgical duKiiosis 
April 402 
treatment Apru 40” 


XIaijcnsnt tumnis of colon Febi 
^ duodenum surgical treatment 

Fef> ' c 7 7R 

Mandible fractures, Fcti I® 
mSiV ’ cystic, chronic, diagnosis 

M^^hiy^bLe fractures fcb. W 

MidSum dermoid «sts Fch. ISO 

lesions, diagnosis Apni. 
neurogenic tumor Feb , 134 
surgery of, Feb , 130 
\fegawlon congenital, /ime. 644^ 

5 sello^ Aug . Sm 


LACEftATioNS of head and face Feb - 

'■’dS.' ze K" w 

Lmm iMoctra p^raWsB W""'' 
arytenoidectomy for April 464 
Lateral ligaments of knee mml test for 

integrity Feb 250 

Leg amputati ms sites of elecfiou 
April 497 

p< dicle grails from Ai<« W 

Leptomeningitis localiiM 

dnV and differentutuin Ajirif 277 
Lesm tube m intestinal obstmtuon 
April 386 , 


279 


mS’, »' 

p.£:;j; ™ ,»d 


spinal and peripheral nervous sys- 
tems Apnf 272 

puncture, Feb 78 _ , ~, 

sympalliectomy euects, Feu , or 
indications Feb , 59 
teebme Feb 56 
sympathetic blcrcV Feb , 57 
Lime carcinoma primary, blood pic- 
ture in Apnf 298 


LyTTipbedema, chronic, pain in upper 
ettremity doe to Aug 509 
Lymphocytic tumors of orbit, nuug- 
nant. Aur-> 871 

Lymphosarcom i of orbit primary, Awg , 

871 

secondary, Aug, 8i3 


Narcotics. 

7tive use III iiRcd June, 71’ 
d »ry to svar w ound» repair or. i 

peSerf. 'I™”’ 

,TO« tom uiiniic S'® 


TiiedJcal^therspy, ’w /«'»' 

peripheral neurectomies tor 




” 'in. June, 774 tngeimi”' 

Ntureefomy, pcnpberal t 


Ntureciomy, , 

neuralgia June, 770 , protrude 

Ncunnoma Apnf. 

disk and, diffe/enuatioii rtf 
Veurohbromi of spmu 

bemilamiimitomy for tcv. 
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Spine, cervical, injur> or disease, pam 
in upper extremity due to, Aufi , 
Sprue, June, 592 . 

Stemmann pm in ununited fracture ot 
femoral neck, Feb , 244 
Stomach, resection, for hepabc ulcer, in- 
adequate. gastrojeiunal ulcer tol- 
lovving, June, 755 
management of duodenal stump, 
technical details, Feb , -OQ 
total, report of patient survivmg loi 
eight years Aus-, 934 ^ 
Slnclures of esophagus, June, <3o 
Subacromial bursibs Aug 836 
Subcoracoid pectorabs minor syndrome, 
Aug, 824 

Submaxiliary neck dissection, Feb . lOi 
Subtrochantene osteotomy m ununitM 
fractures of femoral neck, Feb, 243 
Sudeck’s svndrome June, 780 
Sulfonarmdes, adrmmstrahon. renal 
funebon and, June, 673 
Suprahyoid neck dissecban, Fgb, 107 
Supraomohyoid neck dissecbon, Feb, 
107 

Suoraspmatus tendon, rupture of, Aog , 
839 

Surgical diagnosis, symposium on, 
Apnl, 271 

techiuc, symposium on, Feb , 1 
Sutures m facial surgery, Feb, 7 
SjTne amputabon, indicaboos, Apnl, 
422 

Sympa^etomy, lumbar, effects, Feb, 

for congenital megacolon, June, 645 
udicabons, Feb, 59 
techiuc Feb , 56 

S>'nipathebc dystrophy , reflex, June, 780 
SyruigoniyeLa, protruded disk and, dif- 
ferenbaboa, Apnl, 278 


Tantalum cranioplasty, Feb, 33, 48 
m postwar penod, Aug , 541 
technic, Aug, 844 

Technic, surgical, symposium on, Feb , 1 
Teratoma, mediastinal, antepor, Apnl, 
289 

of spinal cord, protruded disk and, 
differenhabon, Apnl, 276 
Thiamme chloride m Ingemirial neural- 
gia, June, 775 

Thigh, amputabons, sites of elecbon, 
ApnZ. 498 
Thoraac See Chest 
^oraco-epigastnc flaps, Aug, 903 
Ihrombophlebitis, acute, pam m upper 
estremity caused by. Aug, SOS 
Postoperabve, June, 707 
thymus, hypertrophy and tumor, diag 
nosis. Ajml. 287 


Thyroid gland, carcinoma, lota! tbyTOi- 
dectomy in, Feb, 100 110 
surgery, technical aspects. Aug, 
906 

^ _ j 92 

• ■ • ■ for 

subtotal, ^eo . y-i 

technical aspects Aug, 906 
tech'Rvc, Feb, 91, Aug, 906 

vtv casevaonva cf tKyxovd, Feb, 

100 , 110 

mdicabons fnr Feb , 99 
Thyroid parathyroid tumors of medias- 
tinum, ApnJ, 2S7 


reacbons, June, 6S2 
aHcrmc, June, 6S7 
arculatory, June, 6S7 
febrile, June, 6S7 
hemolybe, June, 6S2 
Rh factor m June, 6S6 
use of stored blood, June, 6S9 
Tnchloretliy lene inhalation m tngem- 
inal neuralgia, June, 773 
Tngeminal neuralgia, treatment role of 
minor procedures m. June, 774 
Tuberculosis, intestinal, June, 5S3 
surgical treatment. June, 656 
of colon, Feb, 184 
pulmonary , treatment bronchoscopy 
m planning, Apnl, 292 
Tumors of bone, diagnosis, Apnl, 410 
of brachial plexus, pam in upper ex- 
tremity due to, Aug , 829 
of bram orbital tumors associated 
a „ B-1 


Apnl, 316 ’ ' 

of large mtesbne, terminal portion, 
malignant, Aug, 968 
of mediasbnum, neurogemc, Feb, 
134 

of orbit, lymphocybc, mabgnant, 
Aug, 871 

of parobd gland, Apnl, 4S0 
of scalp mabgnant, Aug , 859 
of spinal cord, ruptur^ lumbar in- 
tervertebral disk and, differenha- 
hon, Apnl, 274, 279 

Ulcer, gastrojejunal, June, 751 


June, 628 
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Ureter dilatation following Urge bowel 
surgery June 695 

injuries in laree bowel surgery June 
702 

Uretlintis following large bowel sur 
gery June 701 

Urethrofistula perineal following large 
bow^l surgery June 701 

Urinary calculi formation in Ixdrest 
patient April 444 

Urologic complications following large 
bowel surgery and their management 
June 695 

Uterus carcinoma total abdomiml hys 
terectomy for Aiig 1022 

Vawces of esophagus roentgen diag 
nosis Apnf 318 

Vanwsities spinal protruded disk and 
d fferentntK n Apnl 276 


Vascular disease penpheral pain in up 
per extremity cuised by Aug 800 
\eiiograpl> Ajrll 340 
Venous insufficiency chronic pain i 
upper extremity caused by Aug 
809 

Vertebrae cersical injury or disease 
pam in upper extremity due 1 1 Ai t. 

834 

Vitallium in cranioplasty Feh 47 


Walking lessons after debndemerU of 
knee loint for arthritis Feb 265 
Wounds <f rectum perforating Aj riJ 
397 


Z ptAsnc operation Feb 17 18 
Zygomatic bone fractures Feb 11 
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SYMPOSIUM ON ASEPTIC SURGICAL TECHNIC 
AND ITS APPLICATION TO THORACIC SURGERY 


HISTORICAL ASPECTS OF ASEPTIC SURGICAL TECHNIC 

JosiAii C Trent, M D , F A C S • 

In this section, devoted to aseptic surgical technic and its applica 
lion to thoracic surgery, it is quite appropriate to include an account 
of the development of the modem aseptic ritual, for, in an attempt 
made at Duke Hospital to control “unexplained’ infections in opera- 
tive wounds of the thorax, an important contribution to out present 
technic, an effective and practicable method of sterilizing the air in 
the operating room, was devised 

THE PREAKTISErriC ERA 

Occasionally in the history of a science we come upon a discovery 
so revolutionary that it serves as a point of division in that science 
between the ancient and the modem In surgery, the discovery of 
the antiseptic principle was of such significance that the centuries of 
tradition and experience which preceded it appear as nothing when 
compared with the rapid advances made m the decades wluch fol- 
low ed It IS difficult for us, m possession of the benefits of asepsis, to 
visualize the terrible and tragic conditions prevailing only eighty years 
ago, in the preantiseptic era Erysipelas, pyemia, septicemia, hospital 
gangrene and tetanus were never absent from the wards, and every 
operative wound was infected It is small wonder that “pure” creamy 

* Associate in Surgery ( on Iea\e), Duke University School of Medicine. Durham 
North Carolina 

Some of the material in this essay has appeared in Thumbnail Sketches of 
Eminent Physicians The EAolution of the Aseptic Principle in Surgery. North 
Carolina Med J,6 1936 
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pus. Without the tell-tale odor of incipient gangrene, was referred to 
as laudable. Because of sepsis, little progress had been made in ex- 
tending the scope of, and indications for, surgery. Abdominal surgery 
was hardly thought of, the only operation performed on the thorax 
was empyema drainage, the cranial cavity and spinal cord were vir- 
tually unexplored Amputation, lithotomy, vascular surgery and the 
drainage of abscesses made up the bulk of a surgeon's practice Sur- 


Fig 434 — The Preanliseptic Era Amputation of an arm under stoct ‘septic condi- 
bons ITrom Laurenz Heister's ChiruT£K, Dnlte Auflage, 'Niinibers, > 

gical results were judged by the mortality statistics of amputation 25 
per cent was considered a "very low” rate, 50 per cent was a more 
normal figure The very multitude of the wound dressings that were 
advocated tViiougb the centuries, from the simple wine 
the ancient Greeks to the pus promotmg dressings of the middle ages 
-a pernicious practice which continued well into the nineteenth cen- 
tury— is evidence enough that none was entirely satisfactory, though 
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some were mildly antiseptic in character; nor could a satisfactory 
method be devised until the cause of wound suppuration was under- 
stood. 

Some progress toward the acquiring of such an understanding was 
made in tlie study of puerperal fever, a disease peculiarly adapted to 
observations on its transmissibility. John Burton® first suggested, in 
1751, that puerperal fever might be conveyed to a patient by an 
outside agency. Charles White of MancTtester,^* in 1773, stressed the 
similarity bet%veen puerperal fever and surgical fever; he advocated, 
in dealing witli the former, such precautionary measures as complete 
isolation of infected patients, rigid cleanliness (asepsis) and tliorough 
ventilation of the delivery room, and the use of antiseptic douches. 
The first positive statement as to the contagious nature of the disease 
was made by Alexander Hamilton** in 1781, when he described puer- 
peral fever as “remarkably contagious” and capable of being conveyed 
from one patient to anotl^er. The ensuing decades saw repetitions of 
this assertion by various physicians, witlr increasing emphasis on the 
function of attendants and doctors as carriers of the fever; prophyl- 
actic measures similar to those of WTiite were recommended by many. 
The doctrine was an unattractive one, however, since physicians in 
general did not care to think of themselves as bearers of disease, and 
it received no wide acceptance. Not until 1843 was the issue brought 
squarely before the medical profession in America. In that year 
Oliver Wendell Holmes published his famous essay on “Tlie Con- 
tagiousness of Puerperal Fever,”*® maintaining that the “disease knoum 
as Puerperal Fever is so far contagious as to he frequently carried 
from patient to patient by physicians and nurses.^ This doctrine and 
the preventative measures which Holmes advocated were not original 
\vith liim, but his article had the merit of stirring up a controversy 
which aroused wide attention. Beginning in 1847, a similar debate 
was excited in Europe by the work of Ignaz Philipp Semmeivveis.*® 
In the face of acrimonious opposition, this great Hungarian demon- 
strated the contagiousness of puerperal fever and showed that its 
transmission could be prevented by such simple measures as washing 
the hands in an antiseptic solution before examining, assisting or in 
any way touching a patient. 

ADVANCE IN BACTERIOLOGY 

Despite such anticipalOTy stiirings, the complete realization o£ the 
aseptic principle could come only tvilh an understanding of the 
etiology of wound infections, and this knowledge waited upon the 
development of the science of bacteriology. The long foreground of 
that science, from Leeuwenhoeks great discoveries until the mid- 
nmeteenth century, need not concern us here. Throughout this period 
as durmg preceding ages, men postulated as the causative agents of 
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disease various miasmas, vapors, gases and animalcules The genn 
theory of disease developed but slowly, although a great number of 
obsersations on the ongm and cause of infectious diseases wound 
suppuration and putrefaction appeared during the late ei^teentb 
and earl) nmeteenth centuries if 

In 1822, Ollivier*'* produced expenmental hospital gangrene by 
autoinfection, and m 1822-1833 Gaspatd,*^ at the suggestion of Fran 
901 s Magendie, made experimental studies m pyeima, injecting putrid 
fluids and other substances into vanous animals In 1835 with his 
demonstration of the parasitic nature of the muscardme disease of 
silkwonns Dassi laid the foundation of the doctrine of pathogenic 
microorganisms A year later Franz Schulze’^ demonstrated that no 
putrefaction occurred m boiled infusions if the air was drawn through 
acid or alkah, and Theodor Schwann** carried out similar expen 
menls using heal rather than chemicals to sterilize the air Schuann*’ 
and Cagniard Latour® presented exidence, m 1837, to prove that the 
fermentation of sugar u as due not to oxygen as was commonly be- 
lieved, but to the growth m the solution of a yeast, Tonda cerevisiae 
These discoveries, and others of like import, received scant attintioo 
from a bigoted scientific world, dominated by armchair logic, but 
the time was npe for genius to integrate these isolated facts and 
demonstrate their significance 

At this most opportune time. Louts Pasteur, an obscure French 
chemist svhosc work, had dealt chiefly with crystalloids and then 
polarizing properties began to encounter m certain industrial fer 
mentations exceptions to the Jaws of correlation between crystals and 
rotary power hws which he had presiously found invariable He 
gradually shifted his field of interest from pure chemistry to biology 
Since he knexv from previous observations that life alone is capable 
of creating full fledged new dissymmetries, he began careful re 
searches mto the vital principle of fermentation, presenting the re 
suits of his study to the Soaete des Sciences cle Lillc m August of 
1857 He concluded 

It J5 now my opmion as the result of die knowledge I ha%e gamed on tins sul'iecj 
that whoe\er s\ill judge impartially rf the results of this work and those I'h'ch 1 
shall publish m the fututos® will recognize with me d»al fermpnlalion is coitela 
fne MUh life with the organiration of fyeast) not flic death or putre- 

faction of tliese gfobuies * 

From these studies it was but a step to questioning the ongm of 
Uiese "globules,” and Pasteur soon became absorbed in an effort to 
soKe once and for all die celebrated question of spontaneous genera 
tion an effort intimately connected with his desire to arrive at a 

* The doctrine which Pasteur here rejected was a widely accepted one force 

fiiuy advocated by the great German (Jiemirt, fuslus Liebig 
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knowledge of tlie causes of putnd and contagious diseases By 1S62, 
wath a senes of simple but masterful e^penments, he hid demohshed 
the theor> of spontaneous generation ** 

TIIE ANTISEPTIC PRINCIPLE 

In 1865 Dr Tliomas Anderson, Professor of Chemistry at tlie Urn- 
^e^Slt) of Glasgow, who was familiar with Pasteurs work, called it 
to die attention of the Professor of Surger> at the same institution, 
Joseph Lister Lister had alread> gi\en much thought to inflamma 
tion and suppuration and had patienll> sought for a means of assur- 
ing the healing of wounds b) pnmarx intention The missmg link in 
his search was supphed bj Ae knowledge he demed from Pasteur’s 
waitings there he learned that putrefaction w as in fact fermentation, 
that It was caused bv the growih of microorganisms earned to the 
wound on particles of dust floating in the air, and tliat it was possible 
to free the air of these germs b> heat, filtration or chemical action 
Of these three germ destrojang methods. Lister chose the chemical as 
the most pracbcable Fortunately, the first antiseptic which be tned 
was carbolic acid (German creosote), he had heard of its recent sue 
cessful use in the disuifection of sewage at Carlisle, and Dr Ander- 
son supplied him with a sample of the chemical In March, 1863, at 
the Glasgow Ro>al Infirmar>, Lister for the first time emplo>ed the 
undiluted chemical in a case of compound fracture, the case was im 
properly managed, and the attempt unsuccessful The ne\t erpen 
ment, on August 12, 1865, was undertaken m a case of compound 
fracture of the tibia Tlie wound was treated first wath hnt soaked in 
carbolic acid, later wath dressings of carbolic acid diluted in water 
and in oli\e oil This simple technic, based on Pasteur’s teaching that 
putrefaction is caused by bactena coming from the air, met wath com 
plete success Bactena which had gamed access to the wound were 
first destroyed, then by the apphcation of anbseptic dressings the 
entT) of new bactena was pre\ ented unbl healing had occurred 
The use of anbsepbes m putrefach\e diseases was certamlj not 
original with Lister Man) earlj surgeons emplojed dressings con- 
taining alcohol and aanous balsams Sur John Pnngle,^^ m 1752, re- 
ported a senes of expenments m which he had tested the effects of 
a \anety of substances in dela>ang putrefacbon Pnngle’s work was 
continued by Madame dArcomille* who. in 1766, reported the effec- 
ts eness of mercunal salts among other substances, in the preienbon 
of putrefacbve changes In 17&4 the German surgeon BiJguer^ de- 
senbed his method of Ireilmg wounds, which consisted essentmlls m 
hltoig the recesses of the wound with antiseptics and placing on the 
surface a piece of hnt dipped m an antisephc solution Alcohol 
gl}cenn chlorine and its sanous compounds, lodme and other chem 
icals were sanouslj recommended in the earlj nineteenth century 
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French surgeons and chemists becnme much interested in the di$in 
fectant properties of coal tar and conducted an extensive mquiry into 
its usefulness One result of this inquiry was the worV of Jules Le- 
maire, who studied first the antiseptic properties of coal tar combined 
with tincture of saponme, and later those of carbolic acid, publishing 
his report on the latter in 18635* same year Enrico Bottini, 

then at Novara Hospital later a professor at Pavia, began to invesb 
gate the value of carbolic acid as a disinfectant of the operative field, 
his findings w ere published in 1866 * when Lister’s work was still in its 
experimental stages Both Lemiire and Bottini knew of, and accepted 



Fig 433 — Tlie Anbseptit Method A drawing showing stnct obsenance of the 
method developed by Lister (From W Watson Cheyne, Antiseptic Surgery Vs 
Principles Practice and Results London J8S2 ) 

the germ theory of disease, both preceded Lister in the use of car 
bohe acid to destroy germs Nearly a year before Lister came to 
recognize the significance of Pasteur's work in relation to surgery, 
Spencer Wells^* discussed Pasteur’s doctnnes before the Bribsh ^^ed 
ical Associabon and described the anttsepbc experiments of Polb of 
, v_u j r. by mouth to neubahze 

of these men or of the 

other pioneers who might be named, with the estabhshment of anti 
s^sis? Wells offered only a bnihant hypothesis, Lemaire and Bottim 
offered only an effective antisepbc Lister alone brought forward and 
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maintimed a scientific principle in accordance with which methods 
o£ procedure might be devised For him carbolic acid was simply ^ 
means to an end, for Lcmaire, Bottini and the others the particular 
antiseptic which each employed iias an end in itself, was itself the 
most important factor in wound dealing Lister never allowed his real 
purpose, the destruction of the pathogenic organisms which he knew 
to be present every^vhe^e, to be obscured by bhnd devotion to estab 
Ushed details of technic to chemical substances or to pieces of 
apparatus 

In 1867 Lister reported tlie then amazing results of his new method 
of wound therapy m a paper entitled, “On a New Method of Treating 
Compound Fracture, Abscess, Etc , with Observations on the Condi 
tions of Suppuration It is significant that in the title he speaks 
of a “method of treatment and does not specify carbohe acid Sev 
eral months later, on August 9 1867, m addressing the British Med 
ical Associabon at DubUn On the Antiseptic Principle m the Prac 
hce of Surgery, Lister remarked 

To prevent the occurrence of suppurauon wiUi all its attendant nsks was an object 
manifestly desirable but till lately apparently unattainable smeo it seemed hope 
less to attempt to exclude U e oxygen which was universally regarded as tlie agent 
by which putrefaction was effected • but when it hai' been shoivn by the researches 
of Pasteur that the septic property of the atmosphere depended not on the oxygen 
or any gaseous constituent but on minute organisms suspended in it which owed 
their energy to their vitality it occuned to me tliat decomposition in the injured 
part m ght be avoided mthout excluding the ait by applying as a dressing some 
material capable of destroying the Lfc of the floating particles 
Upon this principle I Iiave based a practice 


After further careful expenments and reasoning Lister was able to 
set dotvn the factors necessary for per primam healmg of clean 
wounds (1) the germs must be destroyed on the patients skin, on 
the surgeon s hands on the mstruments used and on everything sur 


* TV* beVieS that the mr oi one ot its components 1 ad a haim^xiV eSect upon 
Wounds was long in force and various methods were devised to prevent suppura 
bon by excluding the air To combat the coohng and drymg effects of air Jules 
Guyot in 1835 and later recommended mcubation of the wounded part at a 
temperature of about 36* C The subcutaneous method of surgery grew up as a 
result of the fear of ait Delacroix Anel and Abemethy were pioneers in the 
techn c Delpech in 1816 performed the first subcutaneous tenotomy Dupuytren 
itromeyer D effenbach and Jules Guenn contnbuted greatly to the development 
of the method Various methods of occlusion were proposed Gu^nn (1839) 
iavored coveting lie wound with goldbeaters shin William Rhind (1842) and 
Laupr (1844) recommended gum arabic Chaissagnac (1844) used layers of 
diachylon plaster Guenn (1866) and Mnissoneuve (1867) proposed pumping the 
air away from the wound by the use of compi cated apparatuses Still other ap- 
proaches to the problem were suggested the sibsiitution of vanous gases for air 
m IRRR Demarquay and L^,e eapnnmentad extensively reportmg 

balh a ^ 'St™ of 'voiinds m a «ann xvalee 

bath a method prmcipally advocated by Sttomrjer and LangenbeeV. 
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roundmg the area of operation (2) germs must be prevented from 
entering the wound during opwation (3) germs ^st be i^e\ented 
from spreading mto the wound a£ter operation This revolutionary 
concent was difficult for the profession to grasp and it met wtb con 
sidenble opposition Many insisted on calling Uslers method the 
“carbolic acid treatment and cranplelely lost sight of the underlying 
principle necessary for its proper application It had its champions^ 
however particularly on the continent where it was apparently nfs 
intioduceci in 1869 by Matbns Savtotph Professor of CUmcal Surgery 
m the University of Copenhagen who visited Glasgow that year 
and oteened Listers technic < The pnetice wm adopted by mch 
eminent surgeons as Eichiid von VoBonann at Halle 
baum at Munich lo 1874 and Esmarch il i^iel m 1875 Volkm^ 
practiced exact bisttrism with bnlhant results and became one of the 
strongest and most outspoken advocates of the system A sinuiar posi 
non was taken by just Lucas Championm^re m jtyatx In Amenc^ 
where the disciples of Lister and Pasteur were fesv Ae introduction 
of the antiseptic system was only slowly accomplished 

ASEPSIS 

As the antiseptic principle spread surgeons everywhere sou^tfw 
nevver and safer methods of accomplishing the same end Lister 
self conslatidy emphasized the point that the means emploved we 
of small significance as long as the desued eod^the , 

germs from the wound-was ^ined Even his vehement op^ 
Lawson Tvit of the soap and boiling water school was actually 
advocate of a somewliat primitive aseptic techiuc The great 
surgeon Billroth accepted Listers principle while questioning J 
niems and stated that he would regard the antiseptic system v 
suspicion as long as it depended on carbolic acid be like 
surgeons had had f-itil cases of jKiisoning from carbolic acid 
In spite of the bnUiaut work c4 Pasteur in the promulgation ° 
germ theory of disease and the development of Listws i 

antiseptic treatment of wounds utter confusion existed amorig 
ical men as to the causabve orgamsm or organisms of surgical sep 
Bacteriology as a science was still undeveloped and 
bactem were unofatimable In retrospect m view or the m b 
knowledge then aMilable concerning the infective agents 
achieved by Lister seem all the mote remirkable Before ® 
progress was possible in the develt^meot of asepsis it v^s n^ ; 
for the bnctenologists to ovtaialce the surgeons who bad ir 
distanced them , ibhca 

The modem concept of wound infection bega-n with 
tion of Robert Kochs grevt vviwk on the etiology of trauma ic 
tive diseases^* in which he reported six different lands o su g 
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infections artificially produced m animals and clearly demonstrated 
that each was due to a different microorganism which bred tnic in 
pure culture Probably Koch’s greatest contribution, however, was the 
poured plate method of obtaining bacteria m pure culture Also, 
with Gaffky and Loeffler m 1831, he designed the first steam steril- 
izer, an important advance which was not utilized m the aseptic 
technic for several > ears 

While bactenologists were providing the knowledge necessary for 
intelligent procedure in wound therapy, surgeons themselves were as- 
siduously seeking for simpler means of accomplishing their goal of 
primary wound healing Lister himself made great contributions to 
the development of asepsis In 1881, at the Seventh International 
Medical Congress, held in London, during the sj-mposium on ‘The 
Causes of Failure m the Primary Healing of Wounds,” he presented 
the results of further experiments, which showed that blood serum it- 
self possessed bactericidal properties and that actual closure of a 
wound was not necessary if the wound were filled with blood clot, 
properly covered, and left alone-' In 1883 he recorded an “Antiseptic 
Operation xvithout Antiseptic Contact”*- and by 1887 he had aban- 
doned the antiseptic spray * 

As the antiseptic system spread, constant improvements m technic 
were made The transition from the “wet” or antiseptic treatment of 
wounds to the “dry” or aseptic method, however, was largely due to 
the work of t\vo German surgeons, Gustav Neuber of Kiel and Ernst 
von Bergmann of Berlin Neuber, long an assistant to Esmarch and a 
devoted experimenter in the antiseptic technic, came to the realiza- 
tion that no further progress could be made until caustic antiseptics 
could be dispensed with In 1884 he built a private hospital in Kiel 
for the express purpose of carrying out his new methods of asepsis, 
and two years later he published the details of his technic,"* the mam 


* Early in his experiments m a rather crude attempt to slenlize the air, Lister 
had introduced the carbolic acid spray, which during tlie operation filled the air 
around the operating table with a mist of carbolic acid Lister first publicly recom- 
mended this apparatus on August 10 1871. at die Plymouth meeting of the Bntish 
Medical Association (Bnt M J, 2 225-233 [Aug] 1871) Besides working a 
hardship on both surgeon and pabent, the spray failed to produce the desired re- 
sults Its utibty was first assailed by Bruns of Tubingen in 1880 (Fort mit dem 
Spray, Berl klin Webnsehr, 17 609, 1880), and many surgeons abandoned it A 
Cani^ian found Lister using no spray, 

MacEuer 'perhaps as a kind of fetish ’ 

^u°i * ^ thorough Listente of 

tne Ola 1 - «. ...vj u , t/|«.iauuiis ui a cloud of carbolized incense IIis 

ntual is orthodox and complete I saw him do an abdominal section and although 
s landing some feet off was drenched from head to foot wth the spray and felt the 
chillmg effects of the carbolic acid for some days aflerxxards (Shepherd F T 

ml88?!ca„ad M 
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fentures of whidi were (1) separation of “clean and “dirty cases 
(2) sterilization of the air entering the operating room by heat and 
filtration (3) cleansing the entire body of the pahent and the opera 
tive site with mercuric bichlonde, (4) washing of the hands and 
inns of the operating team witli soap and water, (5) sterilization of 
instruments and drapes by boiling (6) closure of wounds without 
drainage The ritual of asepsis thus begun was improved during the 
latter part of the eighties in the clinic of Ernst von Bergmann a 
native of Riga Russia liter Piofessor of Surgery at Berlin His tech 
me as recorded by Schimmelbusch differed essentially from Neu 
bers in that nascent steam according to the method of Eoch*® or 
steam under pressure wis used to sterilize the dressings and drapes 
which had been placed m metil drums of the kind in general use 
today 

The umversal adoption of the asepbc principle in surgery rapidly 
followed upon the elaboration of the technical details by \on Berg 
mann In spite of the effectiveness of this technic in preventing most 
infections there remained several possible sources of wound contam 
mation namely the operators bare hands, droplets from the nose and 

throat and the patient s ow n skin * 

RUDDER CLOVES 

Many surgeons were quick to realize that even with prolonged 
scrubbing and improved anbseptics it was impossible to sterilize the 
hands, but many years passed before an effective method for screen 
ing bare hands from the operative wound was devised Through the 
example and influence of Milliam Stewart Halsted Professor of Sur 
gery at the Johns Hopkins Hospital the use of rubber gloves as a 
means of preventing wound contamination was at length introduced 
Bubber gloves were first worn in Halsted s clinic as earl> as ISSSf to 
protect from antiseptics the hands of certain members of the staff 
the nurse who squeezed out sponges kept in bichloride of mercury 
solution and the assistant who passed instruments which had been 
wumetsed «v caiboUc acvd As the staff beca-me accustomed to the 
gloves their use became more general and the emphasis was gradu 
ally shifted from protection of the operating personnel to protection 

• This stjll remains a problem although not a senous one See in this volume 
Lovell Dunvard L Preopcrative Skin Preparation with Reference to Surface 
Bactena Contaminants and Resident Flora 

t There were isolated instances of their use prior to this date in Europe For 
example F Jiyle wntes ^\^len an assistant to Professor Vemeuil in 18SS I saw 
Jalaguier who came there to operate the skm of his hands being very sensitive o 
antiseptics lie had formed the hah t of opeiatmg m rubber gloves equipped witl 
cuffs reacl mg up the forearm { Apergu histonque de 1 antisepsie et de I aseps e 
Presse mW 36 2’ sem H95 [S^ ] 1928 ) 




Fig 436 —The Use of Rubber Glo\es 
m the new surgical amphitheatre at Johns 
Young Mitchell and Bloodgood appear ir ■ 

photographs sho\ving an entire operating team weanng rubber gloves Nobce the 
absence of masks (Reproduced through the courtes> of the Johns Hopkins Press 
19^)'^ ^ ^lacCallum Wtlham Stewart Halsted Surgeon, Baltimore and London 

Halsted himself at this bme occasionally used gloves m operating 
on clean joints « but it appears that the hrst person to wear them 
invariably while operating was Dr Joseph Colt Bloodgood Halsted s 
house surgeon who began the prachce m December of 1896 In 1913 
at the msistence of his staff Halsted finallj published a resume of the 
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Operative technic which had evolved in his clinic*® In speaking of 
the mtroduction of rubber gloves he said 

Operating in gloves was an evoluhon rather than an inspiration or happy 
thought and it is remarkable that dunng four or five years when as operator I wore 
them only occasionally we could have been so blind as not to perceive the necessity 
for wearing them invanahly at the operating table * 

MASKS 

Lister based liis antiseptic system on the bebef that most pathogenic 
bacteria were airborne, later it was learned that direct contact is a 
more important factor in their transmission, and after the publication 
of Tyndall s findings in 1881^® concerning the relatively harmless char 
acter of most airborne germs, surgeons came to regard the danger of 
airborne infection as negligible However, occasional cases of sepsis 
occurred in spite of tlie most rigid adherence to the ritual of asepsis, 
and surgeons began to loob for other sources of infection Pasteur®' 
and Sternberg” demonstrated m 18S1 that the pneumococcus could 
be carried in healthy throats, and it came to be recognized that the 
human mouth is a perfect breeding place for all types of bacteria 
The fact that exhaled air contains far fewer bacteria than inhaled air 
misled most observers for a time 

In 1897 Carl Flugge, then at Breslau, published an account of his 
investigations on droplet infection Flugge not only proved that the 
human nose, throat and mouth might contain pathogenic bacteria, 
but he also demonstrated that all persons in speahng laughing 
coughing and sneezing scattered from their mouths a fine spray of 
germ laden salna He concluded his account by pointing out the 
importance of his findings to the surgeon Because of the renewal of 
interest in airborne infections m recent years, I shall quote at length 


proceed Irom the operator from the assisting personnel, and from the spectatois 
(page 223 ) , , t. j 

I do not doubt that by far the greatest part of wound infection is establisnea 
through contact and that surgeoiu have with good reason given far more considera 

•Tlie objections customanly advanced against the use of gloves were siot 
manzed by Nicholas Senn wnfmg m 1901 Perhaps one of the best proofs that 
all known methods of hand stenlization have their defects is the present qoitf 
evfensive use of rubber gloves advexjated by Halsted Mikulicz Fenger and other 
surgeons It is easy to foresee that this practise will never become genera 

even m tbe clinical amphitheaters The rubber gloves impair the delicate 

tachle sense of the fingers are esirensive easily tom and furnish a soothing poultice 
for the conscience when the surgeon fails to prepare his hands properly ' (Practica 
Surgery, Philadelphia and London 1901, p 172) 



n 



Fig 437*— The InUoduction of Surgical Masks The second edition of Berkeley 
Mojujhan s Abdominal Opt rations (Philadelphia and London, 1906 ) contained one 
of the earliest textbook lecommendatjons fox the use of masks durmw r.T,ft»<vv,ons, 

the 

cry, 

the 

^ mi wnttii me imnersal use of masks m the operating room became 
customary (All three pictures are reproduced through the courtesy of W B Saun- 
ders Company ) 
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tlon to this side of the question than to airborne infection But one dares not ignore 
the danger nevertheless which is >et up for operative wounds by the excreted 
droplets scattered into the air and there floating so easily and transported so far 
and the possibility must be taken into account that many abnormalities in the 
progress of operative wounds which are protected against contact are to be traced 
back to this invisible mode of mfection 

Tlie extent of this contamination is then of interest m determmmg the precise 
dangers which threaten the fresh operative wound but since knowledge of such 
questions can be gamed only through expentnce I have asked my esteemed col 
league Professor Mikubcz to be penmtted to confirm the practical significance of 
these proceedings experimentally studied by me through joml invesligabon into 
the sources of the failures of modem asepsis (page 224 ) 

Mikulicz at Flugge s suggestion began testing various methods of 
reducing the dangers of droplet infection In 1897 he published bis 
results, in an article pnncipally devoted to advocating the use of 
cotton latiier than rubber gloves -* He wrote 

I was first made aware of the significance of the danger of the dissemmation of 
pathogenic bactena from the mouth and nose through Herr Flugge who had es 
tabhshed experimentally that even by tranquil speech bactena can be scattered 
from the mouth in very fine fluid ^ops into surrounding space We have indeed 
at Breslau the custom of hardly speakmg at all at operabons necessary coo 
mumcabons are easily conveyed i] rough signs with the hands But a word must 
be said here and there If the surgeon has a cold which causes him to sneeze at 
mconveaienl moments then he must according to Flugge be enbrely excluded 
from operating All these dangers will be wholly avoided if one wears during the 
operation a mouth bandage covering (he mouth and also the nostnk A piece of 
mull serves the purpose and can be used also to cov er the beard We have operated 
already quite a long time with mouth bandages at all asepbc epcratons 
breathe through them as easily as a bdy wears a ved on the street The mask is or 
course sterilized (page 716 ) 

Mikubcz despite the early satisfaction he expressed regarding his 
mull mouth bandages was apparently not entirely satisfied with either 
the protection they afforded or the cornfort He asked one of his col 
leagues W Hubener to check on the efficiency of the mask and to 
improve its design Hubener published his results in 1898 He dem 
onstrated that the simple dotli mask used by Mikulicz by no means 

™ttrv.i-4r.4 j ~ ^ frame' 

ces-carrj 

Mikuliczs efforts must have received little attention from surge^ 
at large however for Paul Berger a French surgeon writing in 1S9^ 
of his own etpenments with masks modeled on Mikulicz s concluded 
pessimistically that he expected his communication to receive little 
more attention from his colleagues tlian the report of Mikuhcz had 
from German surgeons In 1901 John Poland spoke of Mikuhcz s ^ 
of masks as a somewhat ridiculous and extreme measure From 1900 

on however numerous articles appeared advocating various rnodiBca 
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tions of these masks. A multitude of designs were proposed, all to Ae 
same purpose; to keep out of the operative wound bacteria coming 
from the nose and throat. Today gauze face masks which cover the 
nose and mouth are worn routinely by all individuals in the operating 
room. 

ULTRAVIOLET IRRM>1AT10N OF AIR 
Although today’s masks do ser\*e as a filter for tlie coarser droplets 
from the upper respiratory tract, it can easily be shosvn that they are 
not completely effective in stopping the fine spray generated by talk- 



Fig 438 -Modem Asepsis. An operation performed under baclenddal ultraviolet 
iiradiabon at the Duke Hospital, Durham, North Carolina 


ing, cou^ng or sneedng. It was this fact which led Deryl Hart of 
Duke University to devdse a rapid, practicable method of sterilizing 
the air in the operating room in an attempt to control those infections 
which occurred in spite of rigid aseptic precautions.is By irradiating 
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the atr uith special short wave ultraviolet h^t he was able to reduce 
the number of bacteria m the ur to such a point that they no longer 
constituted i hazard * 

The per prirnam healing of wounds depends upon many factors 
other than strict aseptic precautions, and not the least of these are 
accurate hemostasis careful handling of tissues and the use of fine 
suture material However, with the best of technic and the proper 
observance of all requirements of asepsis, there are sbll many “un 
explained wound infections These can be reduced to a minimum by 
the judicious employment of fins last addition to our aseptic arma 
mentarium sterilization of the ur by ultraviolet irradiation 

With the introduction of penicillin and other powerful antibiotic 
agents the surgeon has been given a new means of combating infec- 
tion It IS inevitable that this extremely effective weapon will afford 
a perfect windfall in man> cases of infection in clean wounds, for 
the surgeon who grows careless in his technic It should be remem 
bered, however fiiat the pnnciples of asepsis and good surgery still 
go hand in hand and no drug has yet been discovered which can 
make up for a deficiency in aseptic practice 
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PREOPERATIME SKIN PREPARATION WITH REFERENCE 
TO SURFACE BACTERIA CONTAIRINANTS 
AND RESIDENT FLOIUV 


Dun^^A^D L Lo\fxl, M D “ 


Modern aseptic technic theoretically aims at complete eradication 
of bactena so that not a single organism can reach the aNOund at ana 
time during and after the operation Under such condihons healing 
would tal^e place asepticallj Such perfecbon m actual practice is al 
most impossible to attain but it is our constant goal to minimize con 
tammation of aaounds as much as possible The modem plan of mam 
tammg such a technic is an elaborate one and requires attention to 
detail and careful obseraabon to see that no loopholes admit an> of 
fending organism from many possible sources of contamination Such 
a plan is lihe a chain which is onl> as strong as the weakest link 
Stenlizabon of the skm of the patient seems to be the weakest link 
in the chain of sterile technic, because no anbseptic >et devised is 
able to destroy all of the bacteria in the skm For this reason the skin 
IS a constant source of contaminabon of clean operaUae aaounds and 
precaubons must be taken to preaenl senous infecbons from this 
source The purpose of this paper is to make clear the aalue of pre- 
operabae preparabon of the skin and to pomt out methods avhereb> 
contammabon and infecbon of operabve avounds by these bactena 
may be minimized 

Classification and Location of Skin Bactena —The bactena of 
the skin are classified into two mam groups the bansient, aahich maj 
include an) organism that comes m contact avith the slan, and the 
resident, aahich includes bactena that are normal inhabitants of the 
skin The transient bactena are usuall) located on the surface em 
bedded in the homy fat, beneath the desquamating superficial cells 
of the homy la>er, and m the crypts and crevices The number and 
kind of organisms that make up the transient flora depend on the 
cleanliness of the individual and his contacts with a \ anety of sources 
of contamination fncludmg the surrounding air This transient group 
contains the more pathogenic types of bactena mcluding Staphylo 
coccus aureus, sbeptococcus, Eschendua coh. Bacillus proteus and 
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B pyocyaneus They frequently ciiise senous ^vound infections wlien 
they are allow ed to enter dean wounds ind find conditions favorable 
for growth 

In contrast to the superficial location of the transient bacteria, some 
of the resident flora are situated in the deeper parts of the skin In a 
pre\ious publication,^ it was shown that the resident bacteria are lo- 


EPIDERMIS 



Fig 439 —Photomicrograph shoviing a section of skin removed from the female 
breast and incubated for su hours The surface of the skin was cleaned with iodine 
and alcohol before removal and the section was stained to show the bactena Large 
masses of bactena arc shown extending deep into the sebaceous gland and far below 
the skm surface (By permission of Surgery, Gynecology and ObstetncS ) 


cated on the surface embedded in the horny fat, in die crypts and 
crevices, hair follicles and sebaceous glands A study of sections of 
skin which had previously been incubated for sl\ hours, m order to 
locate the bacteria more rcadilj m regard to their position and deptli 
showed resident bacteria located very deep in the pilonidal follicles 
embedded in the sebaceous material (Figs 439 and 440) The num 
ber of bacteria in the pilonidal follicle varied greatly In some m 
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stances no organisms were found in otliers they had increased suffi 
ciently to fill completely the upper part of die duct {Fig 440) Care 
fill study of the s^^eat glands in man> sections failed to show any 
bacteria in the e\cretor) ducts m the coiled portions as the\ pass 
through the epidermis or in the secreting tubules All of the bacteria 
were located outside tlie body since they were not seen wathin or 
betw een haang cells of the epidermis or the cells lining tlie pilonidal 

EPIDERMIS 


MASS 

OF 

BACTERIA 


SEBACEOUS 

LOBULES 

Fig 440 — Photomiciograph shmvwg a section of n lemoNcd from llic fermle 
breast and incubated for s x hours The duct of the sebaceous gland js cut m cross 
section and shows a mass of bactena xvhrch fills the lumen of the ducts ( By per 
m ss on of Surgery Gynecology and Obstelncs ) 

follicles The resident flora probably remains fairly constant since o\ er 
a long period of time the organisms comprismg this group hav e ac 
quired the ability to live and multiply m surroundings that are un 
fa\ orable for the growth of other bactena The resident bactena usu 
ally mclude Staphylococcus albus and Staph citreus but it is thought 
that other organisms may become residents m the shin after prolonged 
contact with them ^ 
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Changes in the Bacterial Flora Following Surgical Cleansing 
Methods.— Price* has sho^vn that scrubbing with brush, soap and 
water removes readily the transient flora of bacteria, but far more 
slowly the resident flora Most of the transient organisms of the skin 
are quite superficial and can be removed by thorough mechanical and 
chemical cleansmg Mechanical cleansing is more efficient than chem 
ical cleansmg for removing surface bacteria, because the dirt, homy 
fat and other foreign material must be removed before the antiseptic 
can reach organisms located beneath the desquamatmg epitlielium 
of the epidermis Inasmuch as the resident bacteria are located so far 
below the surface, they cannot be removed by mechanical means 
Sebum is a highly insoluble substance and all of it cannot be removed 
by soap, water or chemicals without injuring the skm (Fig 439) Any 
chemical solution that would sterilize the slan would necessarily have 
an enormous penetrating power Etpenmenfs have shown* that the 
generally used antiseptics do not have sufficient penetrating power to 
reach the bacteria that are located deep m the hair follicles and 
sebaceous glands 

After thorough mechanical and diemical cleansmg negative swab 
cultures can sometimes be obtained from the sbn surface because 
most of the transient bacteria have been removed The resident bac- 
teria rise to the surface and multiply after a short time, however, 
especially if the skm becomes moist and tlie surface tension is in 
creased Cultures taken from tlie skin surface at Uie end of operations 
are always positive for bacterial growth These bactern consist of 
large numbers of Stapliylococcus albus and Staph eitreus and occa 
sionally smaller numbers of the more pathogenic types The number 
of transient organisms that can be recovered from the skm surface at 
the end of the operation depends on the thoroughness with which 
mechanical and chemical cleansing was performed Preoperative skm 
preparabon, therefore, removes most of the surface bacteria but many 
of the resident bacteria remain m the hair follicles and sebaceous 
glands and serv e as an important source of contaminabon 

The Role of the Resident Bacteria in Contamination and Inlec 
tion of Wounds.— In a previous publication,* it was shown that bac 
teria gam entrance to the wound dunng most clean operations A few 
organisms are earned into the incision with the skm knife as a result 
of cutting into contaminated hair follicles and sebaceous glands 
Some of them possibly gain entrance as a result of contaminated per 
spirabon flowing over the skm edges This may occur regardless oi 
the fact tliat towels are closely applied Cultures taken from the 
wound immediately after the skin mcision is made are usually positive 
for bacternl grow^fli * Similar cultures taken during the latter part oi 
the oper^bon are posibve for a ^eater number of bacteria This m 
crease m their number during the lime of the operahon occurs even 
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though bactericidal radiant energ>' is used to minimize contamination 
from the air. This is probably due to the fact that the resident bac- 
teria gaining entrance to the wound by transplantation wth the skin 
knife multiply during the *ime of the operation. The greater number 
of these bacteria are of the Staphylococcus albus and Staph, citreus 
variety. They belong to the resident flora and generally do not cause 
serious wound infections unless tliey are present in large numbers or 
the wound is left in sucli a condition as to encourage their growth. 
Very few of the more pathogenic types of bacteria will gain entrance 
to clean operati\’e wounds if the skin is properly prepared and ade- 
quate precautions are taken to prevent this during the time of the 
operation. 

Although presence of a relatively large number of resident bac- 
teria may not cause gross infection with suppuration in a wound, 
they should not be disregarded. Tliey may cause prolonged elevation 
of the postoperative temperature and excessive pain, redness and in- 
duration of the wound. In the presence of antaminosis and other 
nutritional, systemic or local conditions, these organisms may be fac- 
tors in dela>'ing healing, thereby predisposing to disruption of the 
wound and postoperative hernia. Stitch abscesses or excessive scarring 
may be the result of infection caused by these bacteria. Frequently 
they cause chronic low grade infection around subcutaneous suture 
material, leading to draining sinuses; and in many instances, the 
sutures must be removed before proper healing takes place. 

Flan of Minimizing Contamination of the Operative Wound by 
Skin Bacteria.— The high probability of the entrance of bacteria into 
every operative wound should be a constant challenge to reduce such 
contamination. Unless the operation is urgent, the presence of even 
minor infections in the field of the proposed incision contraindicates 
operation until the lesion is healed. Incisions tliat are to be reopened 
during second stage operations should be carefully examined for stitch 
adbeswe dwwaxitvs Rud gi-adt iidtcAion m deeper 
part of the wound. 

The transient flora of bacteria can be removed only by careful pre- 
operative preparation of the skin. The day before operation a large 
area in the region of the proposed incision should be washed thor- 
ou^ly with soap and water, shaved closely, and then cleansed with 
soap and water, 70 per cent alcohol and ether in locations where these 
do not bum. Just before the operation the skin should again be washed 
thoroughly \vith soap and water, 70 per cent alcohol and ether, and 
covered wth a sterile towel. After the paUent has been anesthetized, 
chemical cleansing should be performed to further reduce the number 
of bacteria on the surface. Numerous good antiseptics are available 
but 3.5 per cent iodine is probably used more frequently than any 
other chemical on the patient’s skin preparatory to operation. Two 
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layers of jodine should be applied and then removed with 70 per cent 
alcohol to prevent blistering Following chemical cleansing all of the 
skin except a small area where the incision is to be made should be 
covered by sterile towels which are held in*place \vith clips 

Inasmuch as all of the resident bacteria cannot be removed by mod 
em methods of preoperativc preparation the skin should be consid 
ered as contaminated at all times The skin surface should not be 
touched with the gloved hand or instruments that are to be used during 
the remainder of tlie procedure The knife employed to make tlie 
initial incision should be discarded because it has been contaminated 
by cuttmg through pilonidal follicles containing bacteria All exposed 
skjn should then be co\ered with stenle towels and fastened in place 
with clips care being taken not to lease the edges of the incision un 
covered These towels should be left in place until the wound is 
closed to the subcutaneous fascia At this time the skin surface should 
be considered as being more contaminated than at the time the ong 
mal incision was made because during the operative time the resi 
dent bacteria rise to the surface and multiply Tins is best combated 
by changing the towels and cleaning the skm surface with the anti 
septic solution before the superficial sutures are inserted This reduces 
the bacterial contamination of the subcutaneous tissues and results in 
fewer bacteria about the subcutaneous and cutaneous sutures 

Factors lliat Illiuimizc Infection of the Opernllve Wound by Skm 
Dactena —Since contamination of the wound cannot be enturely pre 
\ented the presence of these bacteria make it Imperative that the 
tissues be left in tlie best possible condition for combating their 
growtli When only a few bacteria gam entrance to the wound they 
do not interfere with healing because with good surgical operative 
tcchmc the tissues can easily cope xvith them without infection Em 
phasis must be placed therefore on the fact that these bacteria be 
come important m regird to gross infection only when their multi 
plication is aided and abetted bj faults of operative technic Such 
features of technic as gentle handling of tissues careful hemostasis 
avoidance of tension m placing sutures and obliteration of dead space 
should never be overlooked Other factors such as the unnecessaiy 
use of the cautery and ligation with strangulation of large amounts 
of tissue will create conditions favorable for the growth of bacteria m 
the wound Stitch abscesses are best avoided by the additional pre- 
caution of early removal of the suture and avoidance of tension 

SVMMATlTf 

Sterilization of the skin seems to be the weakest hnk m the chain 
of sterile technic Modem antisepbcs fail to remove all the bacteria 
in the skin because they are located too deep in the hair follicles and 
sebaceous glands Contamination of wounds from this source may ^ 
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minimized, but uith our present knowledge it cannot be entirely pre- 
vented This contamination can be minimized only by thorough me- 
chanical and chemical cleansing of the skin and careful attention to 
operative technic Bacteria gain entrance to most clean operative 
wounds and the presence of these orgatiisms makes it imperative that 
the tissues be left in the best possible condition for combating tlieir 
growth 
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HIE USE OF METHYL METHACRYLATE PLOMBAGE IN 
THE SURGICAL TREATJMENT OF PULMONARY 
TUBERCULOSIS 


David A Witsov, M D * 

Since e’^traplcural pneumolysis was introduced by TufBer m 1891 
phthisiologists and surgeons interested in the treatment of pulmonary 
tuberculosis have been seeking a nonirritating material which could 
be used as a plombage to maintain the lung in a collapsed state Many 
agents including fat, parafBn, hydrostearolein, gauze, rubber, muscle 
and air have been utilized in the past with poor results 
In 193S a new synthetic plastic material was introduced for use in 
dental prosthesis (Geiler) Tins plastic material known chemically as 
methyl methacrylate represented the result of many years of exhaus 
tive chemical research It had been used for several years prior to this 
time by commercial plastic manufacturing companies, marketed under 
the trade names of lucite plexiglas, vitanhc and others Methyl metha 
crylate is an acrylic resm manufactured under exactmg chemical and 
physical conditions from acetone, hydrogen cyanide and methyl al 
cohol in the presence of sulfuric acid The polymerized form is a 
clear, light weight solid which softens at 105* C , and can easily be 
molded into any d ’ ’ ' ■* i i characteristic 

IS Its high tensile 7 late is rela 

lively mert It is ethylene di 

chloride and strong acids, but is not affected by weak acids or al 
kalies It absorbs \ery little water without changing its chemical com 
position and does not appear to deteriorate like other plastic mate 
rials which ha\e been implanted into the bumin body 
In January 1940 Klemschmidt studied the effects of methyl metha 
crylate used to repair cranial defects in experimental animals He 
found remarkably little inflammatory reaction and no foreign body 
response characteristic of other foreign agents used m the human 
body This work has been confirmed by otliers During the first few 
days the methyl methacrylate plate is surrounded by a small amount 
of serum which rapidly becomes organized forming a thm film of 
hyaline connective tissue Rarely does sufficient serum accumulate 
around the implants to require aspiration Tins fact has been stressed 
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by Gutdjian and his co workers, by Kahn, and Woolf and Walker 
who have used methyl methacrylate successfully m human cranio 
plashes Woolf and Walker described one patient wnth an infected 
wound which cleared up with penicillin and local treatment without 
removal of the plate Kahn also bebeves that this material is so inert 
that it may be used m the primary repair of perforahng wounds of 
the head 

Spealman, Mam, Haag and Larson have studied the effects of 
methyl methacrylate implanted into the peritoneal cavity The mate- 
rial was allowed to remain nine months before autopsy of the animals 
was performed Encapsulation of the particles by a thin film of hya- 
line connective tissue witliout the formation of adhesions was noted 
Methyl methacrylate has been used clinically to repau- cranial de 
fects (Zander, Gurdjian, Webster and Browm) and to stud> tlie brain 
and pial circulation (Sheldon, Pudenz, Restarski and Craig) It Ins 
been used successfully in Teconstrucli\ e surgery as a substitute for 
cartilage for the correction of facial deformibes (Penhale, B^o^vn) 
and in arthroplasties for osteo arthntis (Harmon) It was first used 
experimentally to secure a pulmonary collapse by Wilson and Baker 
in 1944 The effects of this plastic material inserted into the pleural 
cavity of thirty rats and into the extrapleural space of ten dogs was 
studied A collapse of mdividual lobes was secured in approximately 
half of the rats by mscrting into the pleural cavity a portion of methyl 
methacrylate premolded into the shape of the lobe to be collapsed 
In the other half of the rats the pleural cavity was filled xvith small 
Yi inch methyl methacrylate balls All of the animals tolerated the 
methyl methacrylate well and showed no systemic reaction X rays 
taken at frequent intervals following operation showed little evidence 
of pleural effusion Autopsies performed at intervals of from ten days 
to eight months showed only slight infiaramatoiy changes and no 
foreign body reaction Tlie balls were surrounded by a thin serum 
immediately followmg the operation, and the pleura shoued mimmal 
thickenmg and mfiltration with eosinophils In the majority of the 
animals the methyl methacrylate became encapsulated by a thm layer 
of hyahne connective tissue In ten of the rats tlie methyl methacryl 
ate implants were still free m the pleural cavity eight months after 
operation 

The methyl methacrylate implanted into tlie extrapleural space of 
the ten dogs became encapsulated by a dense layer of hyahne con 
nechve tissue The adjacent lung showed httle evidence of reaction 
except atelectasis as a result of compression 

AD>ANTAGES 

Methyl meUiacrylale, in addihon to being nonimtahng to the tis 
sues, possesses certain definite advantages over other foreign materials 
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vliuch have been advocated for ose as a plombage The matwia! is 
hcht weight and a large quanti^ can be introduced without danger 
of penetratog the pleura or thm willed cavities It is radiolucid and 
doM not interfere with the interpretation of roentgenograms Both 
these factors are of great importance ra thoracic surgery 

For use in patients the methyl mcthaeryhte was molded into solid 
and hollow balls 1 inch in diameter This mahes possible the filling of 
varvmc sized pockets at operation As many as sixty balls have been 
utilized m a single patient without ill effects As the au b^veen the 
balls IS absorbed serum accumulates around the balls This serum 
later becomes organized into hyaline connective tissue maintaining e 
lung permanently m a collapsed state a , . » . 

A nonuntating plombage material permits the successful utiluation 
of the operation extrapleural pneumolysis Introduced by Tulfaer in 
1891 this procedure consists of stripping the lung along with the 
parietal pleura away from the chest wall through a small anterior or 
posterior inasion The advantages of this operation over other major 
surgical procedures used m the treatment of pulmonary tuberculosis 
are (1) Operation can be performed under local anesthesia (2J 
There is little or no shock or blood loss and transfusions are rarely 
required (3) The imoUed area of lung can be selectively collapse 
thus preserving the function of normal lung tissue This mikes po* 
siblc the successful treatment of patients with bilalenl apical cavities 
low vital capacity and the like (4) There is no mediasUnd shii 5 
following operation Expectoration of sputum is easy and there 
little danger of bronchogenic spread (5) The postoperative manage 
ment is relatively easy (6) There is no tAcst deformity or scoliosis 


INDlCATIO>S 

Tlie indications for extrapleural plombage with methyl metliacryl 
"ite are limited since the use of this material m thoncic surgery 
still in the experimental stnge The indications however* are muc 
broader than those established for extrapleural pneumothorax 
patients m which this procedure has been used have been ^ , 
strict sanatorium regimen and pneumothorax has been attempted an 
found to be unsuccessful Recent spread does not constitute me sa 
contraindication to operation as it does for thoracoplasty Many p 
tients not suitable for either thoracoplasty or resection can be succe 
fully treated by thos method /j\ 

Those patients considered most suitable for operation are t 
Patients with bilateral apical cavities (2) Patients with v 

cavities and mfiUraUon in the t^posite lung. (3) Patients m '' 
the pulmonary tuberculosis is complicated by asthma dnbetes 
disease or low vital capacity (4) Patients of advanced age '' ^ 3 jor 
cause of tlieir general physical condition are not candidates for 
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Fig 441 — Operati%e technic The extrapleural space is developed by blunt 
dissection A Lghtcd retractor is used for the deeper part of the dissection A In 
eision IS made oser the second nb and carblage The pectoralis major muscle is 
split and letiacted The incision is made through the mteiiOT periosteum A section 
of nb and carblage is resect ’ ’ 

nsfeum B Tlie extrapleunl 

or compressed against the i • is iiueu ivitn 

methyl methacrylate balls after winch the seebon of nb is replaced and the pen 
osteum is approximated to the nb D, Composite drawmg of balls in extrapleural 
space 


offers a single stage procedure which can be performed under local 
anaesthesia with little or no shock and with a good chance of cavity 
closure (6) Patients with a thoracoplasty on one side who have 
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de\eloped a cavity in the opposite ape^ {7) Patients with cavibes m 
the basal portion of the lung In these patients extrapleural pneu 
moljsis and plombage of the lower lobe permits a selective collapse 
and preserves the function of the uninvolved upper lobe 

OPERATIVE TECHNIC 

Preoperativ e]y the patient is given 0 1 gm of sodium pentobarbital 
the morning of operation and 16 mg of morphine one half hour be 
fore operation An anterior or a posterior approach may be used (Fig 
441) I prefer the anterior approach because access to the extn 
pleunl space is easier and because the patient is more comfortable in 
the supine position during operation After the shin has been pre 
pared the area overlying the second nb and cartilage is infiltrated 
vvitli 2 per cent procaine and the incision is made down to and 
parallel to the nb and cartilage The intercostal nerves are blocked 
with 2 per cent proemne The pcctorahs major muscle is split along 
the course of its fibers and a 4 inch segment of nb and cartflage re 
sected aperiosteally The nb segment is carefully saved A longitu 
diml incision is made through the postenor periosteal bed and the 
extrapleural space is carefully developed bj blunt dissection Finger 
dissection is much safer than instrumental dissection As the space is 
developed a small sponge on a clamp is substituted for the finger 
A ligiited retractor is indispensable The enbre apex is mobilized 
down to the hilum of the lung and the space filled with methyl 
methacrylate balls Tlie nb segment is resutured into place and the 
periosteum is reapproximaled around the nb margin to hold the balls 
m die extrapleural space The pectorahs major muscle is reapproxi 
mated and the skin closed with interrupted silk sutures Additional 
anesthesia is rarely needed after the extrapleural space is entered 

COXIMENT 

Extrapleural pneumol>sis from a theoretical standpoint is based on 
sound surgical principles Adequate collapse of the lung can be 
secured by this method as with intrapleural pneumothorax or thoraco 
plasty Entrance into the extrapleural space probably occurs during 
the course of most thoracoplasties and is attended by little if 
increase in danger to the patient Many present day thoracic surgeons 
routinely combine extrapleural apicolysis with thoracoplasty 

At the present tune over twenty five patients with far advanced 
pulmonary tuberculosis have been operated upon using methyl metha 
crjlate plombage to maintam a collapse of the lung developed by 
extrapleural pneumol>'sis Two patients have had bilateral apicolysis 
two patients with a thoracoplasty on one side have had an apicolysis 
perfomed for a cavity m the apex of the other lung four pabents 
have had an uncollapsed apical cavity beneath an old thoracoplasty 
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one patient has had a cavity in the left lower lobe in the costover 
tebral angle With few exceptions, all of the patients have had com 
phcations winch contraindicated thoracoplasty or pulmonary resec- 
tion The results have been suiBaently gratifying to continue the 
operation upon an increasing number of patients and to broaden the 
indications to include many patients who are candidates for thoraco- 
plasty but who refuse thoracoplasty because of the operative nsk and 
deformity 

Contrary to the experience following tlioracoplasty and pulmonary 
resection, the postoperative management of pafaents with extrapleural 
pneumolysis and methyl methacrylate pJombage has been relatively 
easy Since operation is performed under local anesthesia the cough 
reflex is not abolished, and expectoration is easy There is no medias 
tinal shifting and brondiogenic spread has not been encountered in 
any of the patients following the use of this procedure 

All of the patients have been operated upon m operating rooms 
equipped with bactericidal radiation, and all of the patients have 
been given penicilbrt postoperafively Infection in the extrapleural 
space which previously discouraged the use of plombage has not been 
encountered with the use of methjl methacrylate and with the above 
precautions A small amount of blood tinged fluid accumulates around 
tlie balls as the air is absorbed Aspiration of this fluid is rarely re 
quired and the danger of infection from repeated thoracentesis is 
ml The average postoperative temperature has been 382* C, on the 
second or third postoperative days, with a return to normal by the 
fifth or sixth postoperative da>s (Fig 412) Most of the patients com 
plain of a feeling of pressure m Ae operative site and notice the click 
ing together of the balls during the first three or four days These 
complaints have never been troublesome The average postoperative 
hospital stay has been ten to fourteen days 

COaiPUCATIONS 

Complications of extrapleural pneumolysis and plombage vivth 
methyl metliacr>Iate may be divided into two groups namely, those 
arising as a result of the operative procedure, and those attributed 
to the use of methyl methacrylate This former group includes (1) 
accidental rupture into the lung or tliin walled cavity (2) hetnor 
rhage mto the extrapleural space, (3) formation of a brondiopleurai 
fistula, (4) tuberailous or secondary infection in the extrapleura 
space, and (5) cardiac failure due to diminution of the pulmonarv 
circulatory bed 

Accidental rupture into a thin walled cavity adjacent to the pleura 
during extrapleural pneumolysis has been recorded many times It J* 
an error in surgical technic and may occur in the best of hands Jm 
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mediate open drainage or cavemostomy is imperative either with or 
without thoracoplasty Such an accident frequently results in a fatal- 
ity It constitutes a real danger in all extrapleural operations This 
complication has not been encountered in my personal experience 
Massive hemorrhage, a troublesome complication m extrapleural 
pneumothorax, has not been encountered in association with methyl 
methacrylate plombage Large vessels running between the chest wall 
and the lung are carefully coagulated by means of a diathermy during 
operation Transfusions have not been required in any of the patients 
Formation of a bronchopleural fistula, a complication which so fre- 
quently occurred with extrapleural pneumothorax and with paraffin 
plombage, has not been encountered in this senes Methyl meth- 
acrylate, unlike paraffin, is relatively inert in the extrapleural space 
It does not predispose to foreign body reaction and mflimmatory 
changes which is so frequently the basis for formation of broncho- 
pleural fistulas 

Neither tuberculous nor secondary infection of the extrapleural 
space has occurred rn this senes of cases T2iis is attributed to the 
use of bactericidal radiation and the liberal use of penicillin during 
and following operation 

Cardiac failure due to reduction m the pulmonary circulatory bed 
constitutes a real risk with extrapleural pneumolysis and plombage 
Many of the patients upon whom this operabon is performed already 
have their circulatory capacity reduced to a dangerously low level 
In this senes there has been one delayed death as a result of cardiac 
failure due to diminution of the pulmonary circulatory bed 
The second group of complications is that which might be attributed 
to the methyl methacrylate Experimental human toxicity studies of 
methyl methacrylate were conducted by Spealman, Main, Haag and 
Larson using the patch test method on fifty medical students No re- 
actions whatsoever were observed when the polymenzed form was 
used Similar studies performed on experimental animals also led them 
to conclude that methyl methacrylate is nonloxic when mtroduced into 
the body In our series only one reaction which could be attributed 
to the methyl methacrylate has been observed Tins reaction occurred 
m the form of a generalized urticaria m a pabent who had no previous 
history of atopic manifestations The urticana appeared on the tenth 
postoperabve day and lasted three days There has been no recurrence 

SU]UniAR\ 

Methyl methacrylate is an acrylic plastic which fulfills all the 
essential criteria of an ideal plombage material It is solid at ordinary 
temperature but softens when heated to 105° C It is light m weight 
but his a high tensile strength It is radiolucid and does not obscure 
uie lung detail It is nonirritabng to die human body 
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Extrapleural pneumolysis and plombage Avith methyl melhicrylate 
IS still m the experimental stage It has been used in the treatment of 




F«g 444 -Roentgenograms of chest of a 34 year old man wth 
apeT occurring two years after nght two stage thoracoplasty 
before and (B) after patient was treated successfully by ettraplcnra pn 
and plombage 


over twenty five patients with pulmonary tuberculosis Most 
patients have had complicahons which contraindicated thoracop 
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or pulmonary resection. The results in tliese patients have been suffi- 
ciently gratifying to continue its use in many less complicated cases 
of pulmonary tuberculosis. 

The use of this procedure has certain advantages over other present- 
day surgical methods of collapse therapy. It is a single-stage operation 
which r a n be performed under local anestliesia with relatively little 
operative risk. The collapse is permanent. There is no postoperative 
mediastinal shifting, expectoration is easy, and the danger of broncho- 
genic spread is greatly diminished. The postoperative management 



Fig. 445.— Roentgenogram o{ chest of 54 year old man with bilateral apical 
cavities (A) before and (B) after being treated by means of bilateral extrapleural 
pneumolysis and plombage with methyl methacrylate balls. 


is easy. Patients with bilateral apical cavities, patients %vith basal 
cavities, patients with low vital capacity’, cardiac disease, and advanced 
age, and patients wth residual cavities beneath a thoracoplasty car 
be successfully treated by this method. 
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CONTROL OF SO-CALLED “UNEXPLAINED INFECTIONS” IN 
SURGICAL WOUNDS, WITH PARTICULAR REFERENCE 
TO THORACIC SURGERY 

• 

Der\x Hart, M D , F A C S “ ant> Jances D Mood\, M D f 

With the introduction of antiseptic and then aseptic technic m sur- 
gery, rapid strides were made in extending operatwc treatment to 
all parts of the body 

In his earlier \\ork on antiseptic methods Lister ga\e great con- 
sideration to the bacteria in the air as a cause of wound infections, 
bnl^atei realized that contact contaminations played hy far die major 
role in wound infections of that day As a result of this better under- 
standing of the relative dangers of contact versus airborne bacteria 
as a cause of wound infections, he gave up the carbolic spray, and 
throughout the surgical world the air came to be ignored as a medium 
for transporting the bacteria causing wound contamination Graduall) 
surgeons came to realize the danger of droplet contamination from 
the noses and throats of the occupants of the operabng rooms, and 
masks of a totally inadequate type came to be worn, first over the 
mouth and then also over tlie nose 
As a result of (1) the great reduction m contact contamination, 
(2) the increased knowledge of the importance of leaving the wound 
in tlie best condition to cope with the reduced number of contami 
Hints, (3) the improvements in anesthesia, (4) the increasing knowl- 
edge of shock and its prevention, (5) the introduction of parenteral 
fluids of all types, particularly blood transfusions, and (6) tlie increas- 
ing knowledge of function and physiology of vanous parts of the body, 
the extent and magnitude of surgical procedures were greatly ex 
tended 

INCIDENCE OF “UNEXPLAINED INFECTIONS" 

Early Experience.— With this increasing scope of surgical pro 
cedures, and thus with one or more of the following conditions pre 
vaihng (1) exposure of larger denuded areas, (2) for longer penods 
of time, (3) m operative procedures w'lth greater trauma, (4) with 
poorer hemostasis, (5) where the wound could not be immobilized, 
(6) in tissues with poor local resistance, and (7) frequently in de- 
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bilitated patients, so called “unexplained infections” became more and 
more common with all too frequent fatalities Such infecbons were 
likely to be grouped at irregular intervals, and many surgeons can 
recall times when such infections reached serious proportions Walker 
m 1930 reported from a teadiing hospital in Boston an infecbon rate 
of approximately 20 per cent for December, January and February 
and 42 per cent for March, droppmg off to an average of 8 per cent* 
for the months of April through September In March the percentage 
of streptococcal wound infecbons rose to 10 5 per cent at which time 
50 per Cent of the operating room personnel were earners of the 
hemolybe streptococcus During the influenza epidemic of 1918 many 
operabng rooms were closed except for emergency cases “because of 
the widespread dissemination of streptococci ' So far as we know, at 
this tune the air was not considered as a medium for transporbng 
these organisms Masks were widely used, at least over the mouth 
and emphasis was at times placed on the danger of droplets from 
talking coughing and sneezing It was urged that the masks (fairly 
adequate to stop large droplets but totally inadequate to prevent air 
contamination with finer particles) be worn over the nose and mouth 

One of the authors (DH ), while serving as resident on a busy 
neurosurgical service in 1924-25, witnessed a senes of fatalities from 
unexplained infections A widely known bacteriologist was called in 
to pass on every step of the aseptic technic and ^ter careful observa 
tion for several weeks he pronounced that the “technic was airtight ’ 
but he enbrely ignored the am With certain changes in the sterilizing 
technic (a longer period of bme at a higher steam pressure) there 
were no serious Infections for a period of a year, and it was thought 
that inadequate steriliznbon of supphes had been the cause of the 
infecbons Later the infections again occurred despite the changed 
autoclaving technic In retrospect it would appear that these cycles 
of high and low infection rates were associated with changes in 
the bactenal flora of the noses and throats of the operating room 
occupants 

Individual reports occasionally appeared correlating the organisms 
in an infected wound with those found m the nose and throat of one 
of the operabng room personnel In such cases it was generally thought 
that the wound islection wa^ caused by contact or drapiet inoetdatfoa 
General disseminahon of bactena that floated in the au" for relabvely 
tong periods of bme, and for considerable distances, was not con 
sidered as a source 

Experience at Duke Hospiial.— Following the opening of the 
Duke Hospital in 1930, occasional “unexplained infections" occurred 
In attempbng to prevent these, every phase of our asepbc technic was 
subjected to enbeal analysis with a general increase in all precaubons 
to guard agamst the generally accepted sources of contaminabOD 
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There was no appreciable reduchon in the unexplained infections, 
and there was an occasional fatality These occurred almost entirely 
jn such large operatiie procedures as thoracoplasties, craniotomies 
and arthroplasties Finally with a widespread increase m the nose and 
throat contamination with Staphylococcus aureus (70 to SO per cent 
of the general population) and with several heavy earners among 
the operating room personnel, slx deaths occurred from such infections 
within a period of three monAs, forcing us to cease performmg opera- 
tions of election until general conditions improved 
Dunng the years 1930 through 1935 there were seventeen deaths 
from unexplained infections Tims vvithin tliese tliree months occurred 
35 pet cent of such deaths for the five and one half year period The 
epidemic nature of these mfections is even further emphasized by the 
fact that during tliese three months there were performed only 15 
per cent of the approximately 15,000 operaUons for the entire penod 
Before this epidemic occurred, we had concluded that pathogenic 
bactena floating in the air and sedimenting on Uie wound and sterile 
supplies caused most of these "unexplained infections ” Bepeated cul 
tures of every phase of technic including the incommg air convTnced 
us that the pathogenic bactena m the air of the operating room ongi 
nated m the noses and throats of ttie occupants We reduced Ae 
degree of air contamination by ventilabng the room with large quan 
tides of air rendered relatively free of bactena by washing and filter- 
ing Even though the reduchon was appreciable, we continued to have 
occasional infections Attempts were llien made to control this air 
contammation by hmiting the number of occupants of the operating 
room, ehminaticfn of persistent earners, improvement in and more 
constant wearing of masks, performing large clean operations only as 
the first procedure in the morning after the room had been free of 
occupants ovemiglit, and finally by postponing until the summer 
months, when the earners are few, those procedures which were not 
urgent The latter of these was the most effective as exemplified by 
the fact that of these 17 deaths from "unexplamed infechons” in clean 
operative wounds, not one occurred m May, June, July or August, 
while 41 per cent occurred in December and January, 18 per cent m 
November and February, 29 per cent m October and March, and 12 
per cent m September and April The facts that no deaths occurred 
dunng the summer months when the air contaminabon was repeatedly 
demonstrated to be low and that the greatest mortahty occurred dur- 
ing the wanter months when it was known to be high were more than 
suggesbve that the organisms entered the wound by way of the air 
Ultraawlel Radiation of Air -By 1934 we had demonstrated that 
toese anbome bactena could be biUed even at considerable distances 
(D to lU test) by means of ultraviolet radiation It was early m 1936 
tioweser. after many animal espenjnents, before we had convmced 
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ourselves that we could operate m sudi a field without dinger to the 
wound, and before we had equipped an operating room for use with 
patients This addition to the gencnlly accepted aseptic technic has 
all but eliminated our infections in clean operative wounds and not 
one of these has been severe 

COMPARISON OF PERCENTACCS OF INFECTIONS IN THORACIC AND 
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formed in a field of ultra\ lolct radiation, now many potentially con* 
taminated operations such as intestinal resections are performed in 
such a field Tins is done in order to avoid introducing the airborne 
organisms and also to reduce the number gaining access to the wound 
from the gastrointestinal tract 

We have recently analyzed the operations on tlie chest performed 
during tlie years 1942 through March, 1946, and these are also shonai 
m Figure 446 (In evaluating these statistics, it should be kept m mind 
that thoracic operations as demonstrated m the period 1936 to 1941 
have next to the highest infection rate of any of the groups of cases 
analyzed ) Following a total of 413 clean primary incisions there were 
only two infections, giving a rate of less than 0 5 per cent Breaking 



Fig 447 —Temperature cune for one day before and six days after radical 
mastectomy on the patient desenbed m Case I as showing a mild infection This 
did not follow the chmeal course of an infection Bloody fluid was aspirated only 
once followed by complete healing without teaccumulaUon of fluid It is recorded 
as mferted since the culture report on the aspirated fluid was positive for Alcahgenes 
faecahs 


this doivn we find that there were 81 pnmary incisions for thoraco 
plasty with no infection, 163 radical mastectomies with one infection 
(Case I), 148 thoracotomies, 20 for tumor, 32 for vagotomy, and 96 
for sympathectomy with only one mfechon m the latter group 
(Case II) Both of these infections were mild as is demonstrated by 
the following abstracts and temperature curves 


Case I —A 59 year old white widow entered the hospital with a chief com 
plaint of a lump in her left breast first noticed hvo weeks previously On No 
N ember 4 1944 a biopsy revealed nndifferenUaled carcinoma and a radical mas 
^ctomy was performed The temperature curve for the first six days is shoivn in 
Figure 447 The fine cotton skm sutures were removed on the swth and tlie stay 
sutures on the tenth postoperative day, on both occasions the wound was desenbed 
as showang no evidence of separation or infection On the fourteenth postopera 
live day, 60 cc of old blood was aspirated from the supenor portion of th^ 
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wotind Routme culture of this niatemi was reported as showing Alcaligenes 
faeCahs There was no further accumulabon of fluid, and the pabent was dis 
charged on the rt'cnbeth postoperative day, remaining m the hospital for this 
length of time m order to complete a course of x ray therapy The discharge note 
stated that the wound was well healed The patient received chemotherapy m the 
form of oral sulfadiaane, 6 gm a day, from the thud to the twelfth postoperative 
day The temperature remained between 37* and 375“ C f9S6* and 995* F ) 
except for two elevabons to 37 9* and 38“ C (100 2* and 1004* F ) on the 
eighth and ninth days respectively 

On the pabent $ return to the outpatient dime one month foUowmg discharge 
the wound was noted as bemg well healed with no evidence of infecbon 

Case II —A 34 year old white paperhanger was admitted to the hospital for 
surgical treatment of hypertensive cardiovascular disease On August SO 1941 a 
transthoracic paravertebral sympathectomy was performed on the nght side The 



Fig 448 —Temperature curve for one day before and six days after a 
thoraac sympathectomy for hypertension (Case II) A small collecbon of 
drained spontaneously from the superGcial part of a catgut closed wound aimt 
the eleventh postoperative day and was desenbed by the operator as infected but 
no culture was obtained Heahng was complete by the eighteenth postoperabve day, 
and there was no temperature elevation above 37* C (98 6* F* ) after the first six 
days following operation as shown 

postoperabve coune was compLcated by the fact that drainage had not been m 
stitufed at operation and on the fourth postoperabve day, a thoracentesu wtn 
the removal of 700 cc of bloody fluid had to be performed At this bme he ha 
a temperature elevabon to 39 4* C (1029* F ) On September 23 I9-U a baas 
thoraac paravertebral sympathectomy was performed on the left side ^ 
Pezzer catheter inserted between the eighth and ninth nbs for drainage of the 
thoraac cavatj The temperature dtinng the first sLx postoperabve da>’s ^ 
m Figure 448 The drainage catheter was removed on the sixth postoperabve cuy 
On inspecbon of the lower wound on the eleventh postoperabve d3>. a sm 
abscess was found vvhich had already opened Warm saline compms*” 
and the mfection promptly cleared with complete healing of the wound b) 
lime of discharge on the eighteenth postoperabve day The pabent 
sulfadiazme, 6 gm a day from the second to the twelfth and peniciJIm 
units a da> from the fourth to the twelfth postoperabve days The tempera 
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dropped to 37* C (98 6" F ) on the s«th postoperative day and remained at or 
bebw 37" C for the remainder of Ins slay On the patients return for a fhed-up 
three months postopeiaUvely, the mcisions were observed as being well heal d 


As further evidence of the value of ultraviolet radiation for reduc- 
ing the bacterial contamination of the air with resultant improvement 



Fvg 449 —Maximum tempeiaUne elevations (or each of the thotaeve operations 
perfoimed for the years 1942 through hfarch, 1946, arranged according to opera- 
tion as mdicated These were all extensive operative procedures, most showing a 
relatively slight temperature reaction Attention is called to the fact that the pa- 
tients having a thoracotomy that was not drained (vagotomies and thoracotomies 
for tumors designated as ‘thoracotomies”) and those havmg an apicolysis with a 
foreign body implant ran sbgbtly higher average temperatures than the patients 
having other thoracic operations For 83 per cent of the entire group the post 
operative temperature did not go above 385* C ( 101 3" F ) 


in wound healing Uvo reports may be cited, one from the state sana- 
torium m North Carolina, as ^ven m a personal communication, and 
the other by Overholt and Betts The former report gave an mfechon 
rate of 25 per cent without radiation, whereas in the first 100 thoraco 
plasty stages after the introduction of radiation there was only one 
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jnfecUon "^nd in a reopened wound In the latter report OvethoU 
gave 13 8 per cent infections in dean thoracoplasty wounds without 
radiation By improv ements in surgical technic leaving the wound in 
a better condition to cope with the contamination this was reduced 
to 6 53 per cent Then by the introduction of ultraviolet radiahon to 
reduce the air contamination this infection rate was reduced to 267 
per cent Most of the latter were slight and superficial with onl> 
0 49 per cent clinically significant From the illustration showing the 
operating room and tlie chart giving the reduction m bacterial con 
tent of the air it is evident that the intensity of radiation used and 
the bacterial reduction obtained were less than has prevailed in oui 
operating rooms 

As contrasted to these low infection rates other recent reports m 
the literature are as follows Wu and Besso Pianetto in 1943 reported 
11 8 per cent infections in 339 stages of thoracoplasty after certain 
measures had been taken to reduce the dangers from slun and air con 
tammation no infections occurred m 120 stages 
Cory in 1943 reported 69 per cent of thoracoplasty wounds show ed 
primary healing before the use of sulfalhiarole and 93 per cent show 
mg primary healing with the use of sulfalhiazole 

Adams and Dufault in 1941 reported 99 per cent infections in 241 
stages of thoracoplasty 

DiefFenbach and Crecca m 1941 reported 10 per cent infections m 
100 thoracoplasties including all stages 
G G Finney m 1941 reported that in 104 thoracoplasties all stages 
there were fourteen slight eight moderate and three severe infections 
Leaving out the slight infections which were probably stitch abscesses 
he reported an infection rate of 10 6 jier cent 

Meltzer in 1941 reported m 181 cases of thoracoplasty all stages 
three stitch infections four subcutaneous infections and one severe in 
fechon resulting m death In tlie latter case a tuberculous cavitj was 
entered during the operation 

rOSTOrERATIVE FLEV \T10N OF TEaiPERATURE AND ITS 
DURATION 

As has been reported m a previous publication the virtual ehmina 
tion of airborne bacteria resulted m a great reduction in the post 
operative temperature elevation and the duration of this elevation 
The temperature curv es on all patients hav mg thoracic operations for 
the years 1942 through March 1946 were analyzed as a further method 
of evaluating their reaction to these " 

operations with a very low bacten 
(Fig 449) It IS seen that for the 

stage thoracoplasties (74) and the sympathectomies (96) (thorac 
otomies where drainage of the pleural cavity was mstituted to remove 
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any accumulation of blood), a total of 330 operations, 43 patients 
(13 per cent) did not have a postoperative temperature elevation 
above 375° C (99 5° F.), 213 patients (65 per cent) did not nin a 
temperature elevabon above 38 1® C (100 6° F.), while 289 pabenls 
(88 per cent) had their postoperative temperature remain at or below 
38 5° C (1013° F ) Only 41 patients (12 per cent) had a post- 
operative temperature elevation above 385° C (1013° F ). 
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Fig 450— Showing the durabon of an> temperature ele%alion above 374° C 
(995® F ) for each of the thoraac oxwralions shown m Fig 449 for temperature 
elevabon Tiie patients ha^^ng a thoracotomy without drainage of the pleural cavity 
and those with an apicolysis and foreign body implants e\penenced a temperature 
elevabon for a somewliat longer average time The temperature of 78 per cent of 
all the patients was down to 374* C or below by the fourth day following operation 


Equally as sbiking as this predominantly slight temperature eleva- 
bon in die postoperabve course of most pabents was the short dura- 
tion of any elevabon above 374° C (99 3° F ) (Fig 450) In this 
same ^oup of radical mastectomies, first stage thoracoplasbes, and 
sympathectomies, 18 patients (6 per cent) had no postoperative tem- 
perature elevabon, while the temperature of 229 pabents (70 per 
cent) was do™ to 374“ C (993“ F ) or below by Uie third day 
postoperative Thus only 30 per cent of these patients had any eleva- 
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bon of temperature above 37 4® C (99 3“ T ) for longer than three 
days postoperabvely (Fig 450) 

It IS seen from Figure 449 that the temperature elevabon was 
slightly higher, and from Figure 450 that the duration of the tempera 
ture elevabon was slightly longer for the tlioracotomies performed 
without dramnge to remove any accumulabon of blood (vagotomies 
[32] and for removal of tumors [2—]) and for apicolysis (24) with 
methyl methacrylate plombage where a foreign body was left in the 
wound This slightly greater reacbon was thought to be due to either 
the accumulabon of blood, or the presence of the foreign body or both 
In conbast with the seventeen deaths from uneicplamed infecbons’ 
during the years 1930 through 1935 (total operations 15508) there 
has been no such death during the years 1936 through March 1946 
where ulbaviolet radiation was used* (approximately 15 per cent of 
the 69,743 operations performed) 

With the low mfecbon rates which we have now maintained for a 
ten year period in all types of wounds, even during epidemics of 
respiratory tract contamination the number of bacteria entering our 
wounds obviously has been relatively low This has been confirmed 
by wound irrigations and cultures of the irngabng fiuid With this fact 
established, it seemed to us that a smooth, nonuritabng foreign bod) 
could be transplanted into the wound and would become encapsulated 
with a negligible risk of infection This work, earned on by Dr Wil 
son, the resident hospital surgeon, is summarized in a separate ar 
tide in this issue Up to April 1, 1946 we ha\e performed hvent) 
four apicolyses induing those reported by Dr Wilson, with the im 
plantation of from eighteen to seventy two spheres of methyl meth 
acrylate per patient, each sphere measuring 2 5 cm in diameter These 
were designed for easy insertion and retention within the thoracic 
cage for the purpose of holding the eavitated lung in a collapsed 
position with the minimal nsk of ulceration into the cavity 

Most of the patients in this series have had far advanced disease 
and have been considered unfavorable for thoracoplasty The details 
of this operabon are given in the papers of Dr Wilson So far no 
wound having methyl methacrylate plombage has become infected 
no spheres have been extruded or ulcerated mto the cavity, and all 
spbeses bave apparently become encapsulated 

SUMBIARY 

In conclusion the virtual eliminabon of airborne pathogenic bacteria 
by ultraviolet radiabon has accomplished the following results 
1 Elimmated all deaths from "unexplained infections ” 

Two such deaths occurred m patients operated on when ultraviolet radia 
bon was not available radical dissecbon of the ghnds of the neck for carcinoma 
and craniotomy for inoperable bram tumor 
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2 Reduced “unexplained wound infections” to a fraction of 1 per 
cent 

3 Diminished greatly the seventy of the infections that have oc 
curred 

4 Improved wound healing in every case with less local and sys 
temic reaction 

5 Made possible the implantabon and encapsulation of nonimtat 
mg foreign bodies with virtual absence of the dangers of infection 
and extrusion 
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CHEST IWUniES 


Application of Militan Experience 
to C)\iijan Practice 

Clarence E Gardver, Ja, MD, FACS" 

Tiih uar has stijnuhted interest in traumatic surgery and has 
enabled surgeons in the military sen itc to crystallize ideas and formu 
litt policies in the care of the injured tint would have taken years 
to develop in civilian life 

Chest injuries of all kimls liaie been seen in large numbers in 
military hospitals of the s inous echelons of medical care during the 
war Our experience in a fixer! hospital in England in tlie center of 
the Eightli Air Force area where we received fresh battle casualties 
from crexv members of high altitude bombing missions and plane 
crashes afforded us opportunity to obsene a x\idc variety of these 
injuries In addition this bospit il acted as i chest center for ground 
force casualties evacuated from the continent during the latter months 
of the war in Europe 


TABLE 1 -nELATHE XvCIDENCE Or VARIOUS TVPES OF CIIFST INJURIES LV 
AN ABMV lIO<ITrAL 


j 

j Fresh Injuries 

Chest 

Center 

Casualties 

Evacuatei 

Casualties 

lene 

trating 

Non 

penetra ing 

Chest wall | 

33 1 

31 



Pleural cavity (penetrating) , 

10 


74 

253 

Contusion of lung 


25 : 



Hemothorax 


13 

32 

45 

Pneumothorax 


i ^ 



Hemopneumothorax 

i ® 


t 20 


Traumabc asphjxu | 

1 

1 ^ 

1 

1 



Patients covereil by tins expenence (Table I ) include J2S cvsualues 
with fresh chest injuries 74 evacuated cliest casualties received by the 
hospital in its capacity as a chest center, and 283 evacuated casualties 

From the Dopirtmcni of Smgery J^nfce Unnersily Scliool of VJedicme Duf 
Inm North Carolina 

* Associate Professor of Surgery Duke University School of Vfcdicme Asso- 
ciate Surgeon Dvikc Hospital 
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with chest injuries, many incidental to other more serious injuries, 
treated m the chain of e\acuation of battle casualties from front line 
mstalKtious From this evpenence, and that of others worhing under 
similar circumstances, certain conclusions may be made \ihich may be 
helpful in the management of chest injuries of civihan life 
In discussing chest injuries it is the usual practice to consider such 
injuries under tMO separate and distinct headings, penetrating and 
nonpenetrating rounds, as tliough tlie problems of the two were 
foreign to each other As a matter of fact, with few exceptions the 
problems of both tj'pes of wounds are similar and it is better to con- 
sider them together 

The principal danger of a chest injury arises from a disturbance 
in the cardiorespiratory mechanism which follows the injury. Blood 
loss and infection may also be causes for concern, aldiougli tliey are 
rarely of significance in civilian injuries 
This disturbance m respiratory function may arise from a wide 
variety of combuiations of circumstances In our experience, evcluding 
injuries to the heart, it most commonly follows any one or combina- 
tion of the following conditions contusion of the lung, loss of stability 
of the chest wall, pneumotliorax, or hemothorax All of these arc com 
mon to both penetrating and nonpenetrating mjuries 
A discussion of each of these conditions plus a brief consideration 
of the additional problems of the open chest wound (continued 
blood loss, retained foreign, body, open pneumothorax and infection 
m chest wall or pleural cavity) will include a complete account of 
the commoner conditions to be encountered in chest injuries of civilian 
practice Each will be discussed in the light of military experience 
In the recognition of each of these conditions and their changing 
nature from hour to hour and day to day, emphasis should first be 
placed on the importance of frequent bedside x rays of the chest 
Much can be learned from physical examination, and frequent exami- 
nations are necessary Howe\er, their interpretation is too uncertain 
and It IS only by combming physical findings with repeated x-rays 
that accurate information on the changing nature of the conditions 
present can be maintained 

CONTUSION OF THE LUNG 

Contusion of lung tissue with some degree of laceration commonly 
follows injuries to the chest It is present in all penetrating wounds 
of the lung and we found evidence of it m 80 per cent of nonpene 
tratmg injuries from blows, crushing injuries or ‘bomb blast” It may 
be present without nb fracture Edema and hemorrhage ate present 
throughout the imohed lung parenchyma Pleural lacerations with 
pneumothorax, hemothorix or both may complicate the lesion In the 
more severe injuries lung tissue is extensive!) lacerated and bronchi 


1084 CLARENCE E CABDVEB pi 

are ruptured At autopsy the lung is dark red and firm in consist 
ency 

If the involved area is not large the only symptom is pain in the 
chest and bloody expectoration If the injury is severe or widespread, 
senous mterference with respuatory exchange may develop because 
of widespread contusion of lung tissue and filling of the alveoli and 
bronchi with blood and tissue fluids 
The syndrome of tlie “traumatic wet lung, ' m which fluids in the 
tracheobronchial tree are present in such excessive amounts that the 
patient may hlerally drown in his own secretions, is present m pa 
tients with severe lung contusion Brewer, Burbank, Sampson and 
Schiff^ have mdicaled that other factors beside lung contusion may 
enter into the picture These are excessive reflex secretions of bronchial 
fluids secondary to trauma, anoxia or tracheal obstruction, and in 
abihty to expel fluids from the bronchial tree adequately because of 
pam or instabihty of the chest wall from multiple rib fractiues or 
from mhibilion of the cough reflex by oversedation or head injury 
Management of tins condition is by oxygen admmistrabon, relief of 
pam by intercostal block which often enables the patient to eliminate 
his secretions himself, and by catheter or bronchoscopic aspiration 
of blood and secretions in the tracheobronchial tree, if necessary 
It should be emphasized that any patient xvith chest injury who is 
having difficulty m eliminating tracheal or bronchial secretions must 
be given assistance if adequate respiratory exchange is to be mam 
tamed and atelectasis of lung segments prevented It may be that 
relief of pam by support of Ae chest or by mtercostal nerve blocks 
will enable the patient to empty the respiratory passages himself by 
coughing Or changes in posture with firm but gentle fist percussion 
over the mterscapular region of the back may assist m dislodging 
tenacious plugs of secretions which may then ^ expelled by cou^ 
mg If these measures are not effective, passage of a catheter into the 
tracheobronchial tree with suction as desenbed by Haight* is advis 
able If tins IS not possible bronchoscopic aspiration should be prompt 

LOSS OF STADIUTy OF TUE CHEST WALL 
Paradoxical respirabon from loss of stability of the chest wall fol 
lowing trauma is not a frequent cause of respiratory distress When 
present; however, its recognition is extremely important as it can 
usually be managed quickly and effecUvely If left untreated, particu 
larly if it exists with other types of chest trauma, as is usually the case 
serious consequences may develop 
Multiple fractures of several adjacent ribs, or separation of the 
sternal plate from the thoracic cage because of multiple fractures o 
the nbs anteriorly on each side of the sternum are the usual cause 
for loss of stability of the chest wall and the development of 
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doxical respiration. In this situation, when the thoracic cage is ele- 
\'ated and expanded as is necessary in inspiration, the detached 
segment of the chest wall does not elevate but in reahty is sucked 
in. On expiration this segment, instead of falling in, is pushed out 
(Fig. 451). Tlie detached segment moves in opposite direction to the 
chest wall The net result is a serious impairment of respiralorv’ ex- 




mg wound The detached sternal plate moves m opposite direction to the chest wall 
dunng respiration and produces a paradoxical tespirahon 

change. The patient is dyspneic, cyanotic and complains of pain at 
die site of injury. 

Some method of stopping this paradoxical motion of the chest wall 
is urgently needed. If the mobile segment of chest wall is not too 
large it may be stabilized by strapping with adhesive. If diis is not 
immediately satisfactory, as is usually the case with separation of the 
sternal plate, wires may have to be placed under the separated rib 
segments and attached to an overhead pulley with weights whi^ 
will suspend and immobilize this segment 
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Pam IS usually relieved by su<^ immobilization, though intercostal 
nerve block may be necessary. Oxygen is administered until respira 
tory exchange is normal As m all chest wounds, frequent x-rays are 
necessary to detect the presence of an attendant pneumothorax, hemo 
thorax or lung contusion whidi may also need treatment. 

rNEUMOTIIORAX 

Air may escape into the pleural cavity from a tear in the lung or a 
hole in the chest wall nie lung may be ruptured from a crushing 




F»g 452 —Diagrams showing two methods by which pleuropulmonary injury may 
follow nonpenelratmg injury of the diest by direct blow or cruslimg mjury 

injur>' with or wthout nb fracture, or tt may be lacerated by 
sharp ends of indnven nb followmg a direct blow (Fig 452) Or i 
narily, unless a tension pneumothorax develops or oAer chest 
are severe, the presence of air in the pleural cavity is not a serious 
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complication. If it is causing respiratory embarrassment, the air may 
be withdrawi. Otherwise, it ordinarily is rapidly absorbed. 

Tension Pneumothorax. — Sometimes a valvelike action at the 
pleural tear in the lung allows air to enter the pleural cavity with each 
inspiration but not to escape during expiration. Air gradually builds 
up in the pleural cavity under positive pressure. The lung on the 
affected side becomes collapsed, the mediastinum becomes displaced 
to the unaffected side and serious interference udth respiratory’ ex- 
change develops. 



Fig. 453.— Sketch of the method used in releasing air from a tension pneumothorax 

Air must be withdrawn from the pleural cavity promptly if the 
patient is to escape death from suffocation. This can be easily accom- 
plished by inserting a needle dirough the second or third interspace 
anteriorly and connecting the needle to a finger cot or condom which 
has a slit in its end, or to a tube whose end is placed under the sur- 
face of a flask of sterile fluid on the floor at the bedside (Fig. 453). 
If the escape of air has not stopped in forty-eight hours, open thorac- 
otomy may be advisable either to remo\’e indriven rib fragments 
which may be keeping the pleural leak open or to resect an area of 
damaged lung tissue or suture lacerated bronchi. Open operation is 
rarely necessary, however. 
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Subcutaneous emphysema is commonly present when nbs are frac- 
tured If it IS mcreasmg rapidly, the presence of a tension pneumo 
thorax must be suspected and a needle insetted into the pleural cavity 
ivith underivater seal, before generalized subcutaneous emphysema 
develops 

HEMOTHORAX 

Bleeding into the pleural cavity in patients who survive long enou^ 
to reach a hospital usually occurs either from the lung or from inter 
costal or internal mammary vessels of Uac chest wall The dangers 
of its presence include acute blood loss, interference with respiratory 
exchange, and loss of lung function with possible infection if a mas 
swe clotted hemothorax or a Ebrothotax develops 

Bleedmg from the lung stops spontaneously as the lung collapses 
while bleeding from the chest wall may have to be controlled at 
operahon If the patient is received in shock and the blood pressure 
once restored by transfusion drops again the possibihty of coutmued 
bleedmg from an intercostal or mtemal piammary artery must be 
considered If blood in the pleural cavity reaccumulates rapidly after 
repeated aspiration the suspected area must be explored, bleeding 
vessels ligated and blood and blood clot evacuated It is surprising 
however, how rarely this complication develops 

The treatment of hemotlionx unattended by continued bleeding 
has been a sub3ect of controversy m the past Some have advised leav 
mg the blood alone if it causes no respiratory embarrassment* 
Others have recommended withdrawing the blood, but only after 
three or four days and then replacing it with air m the belief that 
reexpansion of die lung would cause bleeding from the lung to begin 
again * 

As a matter of fact, we have never seen bleeding from a lung recur 
after early aspiration of a hemothorax, wlule we have repeatedly been 
impressed by the harmful effect of allowing blood to remam within 
the pleural cavity 

Contrary to popular belief, blood which escapes into the pleural 
cavity clots promptly in most cases As it clots, the churning motions 
of heart and lung defibrmate the clot so that fibrin is deposited on 
parietal and visceral pleuias and liquid defibrmated blood remai^ 
m the pleural cavity ® In most mstances of small or uncompbeatw 
hemothorax this defibnnated blood and the fibrin are absorbed uim 
out deleterious effect However, it has been demonstrated that this 
hqmd defibnnated blood acts as an uritant within the pleural cavity 
The mflammatory exudate which it stimulates contains more fibrmo 
gen which causes secondary clotting to occur with deposibon of ad 
dibonal layers of fibnn over pleural surfaces Sellers’ has shown tha 
the fibrinogen content of untapped hemothoraces rises from an imti 
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level of zero to a level higlier tlian that m the blood after a ^^eeh or 
so Increase in pleural reaction a\ath thickening from layered deposits 
of fibrin thus may result \\hen blood is left Nvithin the pleural cavity 
This harmful effect of lea\ing blood in the pleural cavitj- is prob 
ably of greater importance in war wounds where other causes of 
inflammation are present within Uie pleural cavity (foreign bodies, 
traumatized tissue, low grade infection), m addition to blood How 
ever, this effect emphasized the advisability of eatb ^ud repeated 
aspirations of blood in the hemothorax of civilian injuries as well as 
military ones If air is mlroduced the only result is an apical collapse 
and a more prolonged penod of bme before expansion of the lung 
can be obtained 

As a result of these facts it is now generally agreed among militarj 
surgeons^ ^ '' that a hemothorax rs best xnaTiaged bp early 

and repeated Aspirations in an effort to keep the pleural cavity dr) 
and the lung fully expanded at all times It has been our policy to 
wathdraw all the blood that can be obtained beginning hventy four 
hours after the injury (earher if it causes respiratory embarrassment) 
The volume of blood removed is determined by the patient’s reaction 
A complaint of tightness in the chest is taken as an indication to stop 
the aspiration From 500 to 1000 cc can usually be remo\ ed at each 
thoracentesis Aspirations are continued duly or every second day 
until die chest is dry and remains so 

Clotted Hcntolliorax or Chronic Fibrothornx —In most cases 
blood m the pleural cavity, thougli it dots at first, quickl) becomes 
liquid as it becomes defibnnated by the action of the lung and heart 
In a small proportion of cases, about 5 per cent either massive clot 
ting of the blood occurs immediately, or a large accumulation of fibnn 
develops later which prevents its removal by aspiration In the first 
instance, clotting of the hemothorax occurs immediately probably 
because of the sudden development of a massive hemothorxx which 
completely collapses the lung and thus eliminates the defibnnahng 
action of its motion (Fig 454, A) In others, usually as a result of 
delayed aspiration, a tune is reached about four or five weeks after 
injury when massive accumulations of fibnn and isolated podeets of 
serum develop within the pleural cavity which cannot be aspirated 
(Fig 455 A) In this latter event,. the fibnnogen introduced into the 
pleural cavity with the inflammatory exudate caused by the trauma 
and retained liquid blood causes a secondary clotting and deposition 
of additional fibnn over pleural surfaces In either event the lung is 
crippled and held collapsed and the chest wall and diaphragm are 
immobilized by the dense fibrous scar which forms over panelal and 
visceral pleural surfaces 

In the case of a massive clotted hemothorax (Fig 4S4, A) the 
thorax on the affected side is ballooned out at first and moves freely 
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With respiration In the case of the chronic fibrothorax, which develops 
after four or fiv e weeks the a0ected side of the thorax is smaller and 
moves little or not at all on respitahon Intercostal spaces are nar 



Fig 451 —A Masvive clotted tiemothorax in an infantry soldier whicli 
oped on tlie niglit of thoracotomy for perforating wound in a field hospital on tn® 
continent three weeVs previously B Same patient on day of evacuation of the cwt 
and dfwrbcition sho\vuig the three diamage tubes in place C Same patient three 
weeks after operation 

rowed and the trachea Js sometimes deviated to the affected side 

(Fig 455 A) 

In the past these conditions have been poorly understood an 
usually badly managed because no one surgeon saw enough of 
to formulate a pohi^ for tiietr management One of the real contribu 
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lions of military medicine'^' ■“ has been the development of the eon- 
cept tliat if infection in lung and pleural cavity is to be prevented 
and if the imprisoned and collapsed lung is to be reexpanded, this 


Fig 455 —A, Chronic fibrothorax lhirty-u\e days after multiple shell fragment 
wounds with unrecognized and untreated hemotlionix. The apex of the lung is col- 
lapsed, the intenpaces are narrowed, the diaphragm elevated and trachea and 
mediastinum are displaced toward the affected side. B, Same patient on day of 
decortication showing the three drainage tubes in place. C, Same patient twenty fi\e 
days after operation. \ 

IhicVened scar which envelops the lung and coals the chest wall and 
diaphragm must be removed. The procedure is called decortication. 
It includes the removal of all clot, die careful dissection of the thick- 
ened pleural scar off the entire lung and the removal of the scar from 
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mediastmum, chest wall and diaphragm The same procedure is used 
m cases of infected, clotted hemothorax or fibrothorax 
The clot and fibrin usually occupy a posterolateral position in the 
pleural cavity and extend from diaphragm to apex, being widest at 
the base of the thoracic easily In order to obtam adequate exposure 
for their removal, a long segment of the sixth rib is resected throu^ 
a posterolateral incision On entering the pleural cavity, clotted blood 
and fibrin are removed manually A line of cleavage is developed be 
tween visceral pleura and the fibrous scar which encases the lung 
This scar tissue is usually 1 to 3 mm in thickness It is stripped off 
the lung by a combination of sharp and blunt dissection using care 
not to tear into the lung The dissection frees the lobes and also por 
lions of the lung margins which are often folded back upon them 
selves or telescoped into collapsed segments The enture lung is freed 
When this is done the anesthetist inflates the lung and the full and 
complete expansion of each lobe is demonstrated The scar covering 
diaphragm and parietal pleura is usually at least twice as thick as 
that covering the lung It can usually be peeled off the chest wall with 
the finger without difficulty Its removal is important if full motion 
of the chest wall is to be attained At the close of the operation the 
pleural cavity is irrigated with saline solution and 100,000 units of 
penicilhn left in the pleural cavity 
It has been gur uniform practice to dram the pleural cavity for 
forty-eight hours after operation Since one of the mam purposes of 
the operation is to atlam full expansion of the lung and smee this 
may be defeated by collections of blood or serum or by air which 
may leak from tears m the lung which are almost mevitable in the 
dissection of the pleural scar, xve feel this dramage is imperative 
(Figs 454, 455) We usually use three large tubes wiUi multiple open 
mgs, extending from apex to base and emerging just above the diaph 
ra^ One is placed anteriorly, one laterally and one posteriorly 
Each IS attached to an underwater seal If air escapes and negative 
pressure is not attained in each of these tubes an artificial source 
of negative pressure is attadied to these tubes until the pleural leak 
IS sealed This has always occurred by the third day, m our expen 
ence 

The patient is permitted to leave his bed on the second post 
operative day Chest exercises to obtam full motion of the affected 
side of the thorax are begun immediately and rigorously continued 
throughout the remainder of the hospital stay 

PE^ETRAn^C WOUNDS 

Penelratmg wounds add to flie conditions already discussed, the 
possibihty of mfeebon, retamed foreign body, or open pneumothorax 
with possibly a sucking woimd and mediastmal flutter 
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Most of the penetrating wounds in civihati life (ice picks, “switch 
knives, small caliber rnissiles) will not require operative treatment 
The mechanics of how a sucking wound produces asphyxia is well 
known and the need to close it promptly is taught in all first aid 
classes Fortunately this condition is rarely seen in civilian practice 
If the wound is large or sucking or if nbs arc splintered, debridement 
of the chest wall with closure of the pleural cavity is necessary Mill 
tary experience has sho\vn that irregular shell fragments larger than 
1 cm m diameter and indriven rib fragments should be removed, 
as their retention often leads to infection or hemorrhage This can 
usually be done through the wound of entrance, unless the entrance 
IS through the apex, in which case a thoracotomy at the site of elec 
tion is indicated In civilian practice smooth, small caliber bullets of 
more than a centimeter in length can probably be left alone with 
safety unless they occupy a position close to a major vessel or 
bronchus 

SUMMARY ANO CONCLUSIONS 

Penetrating chest injuries in civilian practice rarely require opera- 
tive treatment The principal problems of nonmilitary thoracic injuries 
include trauma of the lung loss of stability of the chest wall, tension 
pneumotliorax, hemothorax, or a combination of any or all of these 
factors 

In the appraisal of the nature of these injuries and their progress 
from hour to hour or day to day, frequent bedside x rays of the chest 
are necessary 

The significance of lung trauma, “traumatic wet lung,” ns a cause 
of respiratory embarrassment has been emphasized and its manage- 
ment clarified by military experience 

Catheter or bronchoscopic aspiration of blood and secretions from 
the tracheobronchial tree is a valuable therapeutic adjunct m all types 
of chest trauma if the patient has difficulty in eliminating these secre 
tions himself 

In the management of hemothorax, military experience has empha 
sized the need for early and repeated aspirations of blood to keep the 
pleural cavity dry and the lung fally expanded at all times 

Clotted hemothorax and chronic fibrothorax have been poorly un- 
derstood and badly managed in the past Military experience has 
standardized an operative procedure and demonstrated its value in 
those cases m which the lung is held collapsed and chest wall and 
diaphragm ate immobilized by dense layers of scar tissue which have 
been laid down as a response to blood retained in the pleural cavitv 
tor Jong periods of time ^ 
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PLASTIC SI3RGCUY OF THE BREAST 


Kennihii L Pickrell, M D , FACS,* James Metzger, M D f 
AND James B Holloway, Jr , M D t 

The breast in disease is an object of the general surgeon’s most 
serious concern In contrast, the correction of various abnormalities 
and deformities of the breast, in the absence of neoplastic processes, 
IS a more specialized field lying within the province of the plastic 
surgeon, who may reheve the patient of physical disability, discom- 
fort and mental embarrassment To allow a woman to make the best 
of hypertrophied breasts, that weigh as much as fifty pounds (Fig 
456), or lesser abnormalities which may alter her posture, impair her 



Fig 450 —Massive giavid hypertrophy of ihe breasts in a Negress Any move- 
ment was extremely laborious and awkward Pam was mtense and constant An 
o\erhead traction apparatus was designed to reheve respiratory embarrassment The 
nght breast weighed 35 pounds ( 15 9 kg ), the left weighed 25 pounds ( 11 4 kg ) 


attractiveness, limit her economic or social opportunity, or destroy 
her happiness, is not justifiable The medical profession m general has 
not given full attention to the prevalence and attendant discomforts 
of the various non neoplastic conditions of the breast, and many phys- 
icians are unaware of the safe and successful methods of repair 
which are available This may be due, at least in part, to the appear- 
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ance in the American literature unUl the past decade of few articles 
on plastic surgery of the breast With the evolution of the various 
surgical procedures for inastopex> reviewed by Thorek ’ and the ad 
vances m various technics ind prmaples the operation has developed 
from simple removal of excess skm to complete reconstruction of the 
breast 

COMP\lt^SO^ OF SURGICAL PROCEOUnES FOR THE -CORRECTION 
OF THE PENDULOUS BREAST 

The two mam procedures of choice for the correction of the pen 
dulous hypertrophied breast among the numerous technics applied 
from time to time 'ire generall) considered to be (1) the transposi 
tion of the nipple and areola to an elevated position while still attached 
to the underlymg breast and (2) free transplantation of the de 
tached nipple In some instances however it may be impraetiw 
either to transpose or transplant the nipple and as m the instance ot 
the case to be desenbed there is no alternative other than the con 
struction of an artificial nipple— a procedure of necessity Regarmess 
of the method of repair utilized for the correction of the pendulous 
hypertrophic breast the procedure should embrace the pnnaples 
phasized by Malmiak* (I) preservation of the blood supply of the 
breast to prevent necrosis of any part (2) avoidance of ettcnsiw 
injury to die ducts to preserve mammary function, if it ss present, 
(3) firm fixation of the reconstructed breast in its new location to pr^ 
vent recurrence of pendulousness (4) minimization of scamng and 
(5) reduction of all diameters of the breast proportionately to insure 
an esthetic end result Since no single surgical procedure can be ap 
plied in all cases these principles must be borne m mind in evaluating 
the procedures to be described 

TranspoBition of ibe Nipple Tlirough a Dutlonhole Incision - 
Transposition of the nipple and areola while attached to the under 
lying breast to a higher position throu^ a buttonhole incision ww 
onginally desenbed by Morestin* and subsequently adopted wi 
modifications by Dartigue * Passot * MaUniab® and Lamont * A 
flap IS made on the anterior aspect of the breast and all of the s 
IS removed from the posterior surface permitting reduction an 
modeling of the breast in all directions The nipple and areola ar 
inserted into a buttonhole incisum m the anterior flap and the g an 
around which a circular incision has been made is firmly suture 
the pectoral fascia to prevent recurrence of ptosis Scarnng is num 
nnzed by sutunng the flap into the submammary fold ^VheD 
operation is performed in one stage there is great danger of 
To avoid this serious comphcation the authors believe that me tvv 
stage operation of Mahniak or that of Lament® is the procedure ^ 
choice since either may be used in the great majority of patients co 
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me aieolA A concase incisvon on ibe anterior surCace of the breast extends from the 
lateral side of the submammary fold almost to the japhoid process B, A heavy skin 
Sap IS separated as far as the second nb The breast is mobilized, and its upper 
portions are Bred to the pectoral fascia The antenor flap is then brought down 
over the elevated breast and if the predelemuned position of the new nipple site 
IS correct, a buttonhole is made here and mlo it ti e transported areola is sutured C, 
The masion on the postenor aspect of the breast is made several centimeters above 
the submammary fold (A), the chief considerabon being the aioidance of tension 
on the hues of suture The second stage of the operation is performed several weeks 
later The excess skin, fat and glandnbx tissue ate removed through a crescent- 
shaped incision in the submammary fold (C, D) 
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methods allow for breast reconsliuctjOQ with the desired symmetiv 
Size, and shape ^ 

The Mahntak operation, involvug t\vo stages of reconslructioa, i; 
based chiefly on the principle of the preservation of the blood supplv 
m the prevenUon of necrosis Mahniak abandoned the single stage 
procedure because his patients developed areas of slou^ in the flans 
due to circulatory insufficiency Torsion of the pedicle is a factor in 
reducing the blood supply and can be avoided by taking suitable 
precautions against rotating the pedicle as the nipple and gland are 
transposed 

first stage of the repair is hunted to transposition of the par 
tially diminished breast {Fig 457) A suitable position for the trans 
posed nipple is determined by the intersection of the horizontal Ime 
drawn halfway behveen the clavicle and the elbow and the vertical 
hne through the middle of the clavicle (Fig 457, A) This point, 
detemmed with the patient in an erect position, is marked with a 
^ilible dye, su^ os a S per cent alcoholic solution of brilliant green 
ine centner of the traruposed nipple should never be higher than this 
point At operation a sindbag is placed behveen the shoulders and 
after aseptic preparation of the field, a circular incision is made 
around the areola, reducing it to approximately 4 cm in diameter 
A concave incision on the anterior surface of the breast eitends from 
^ submammary fold almost to the xiphoid process 
(rig 457 A) A heavy skin and subcutaneous flap is separated 
supanorly extending as high as the second intercostal space The 
breast is mobiiizea, and its upper portions are Eted to the pectoral 
fasaa with heaxy silk (Fi& 457, B) A buttonhole is made, about 
1 cm smaller m size than the onginally circumscribed areola, at or 
beloxv the predetermined point, and into it the areola is suhircd The 
position or the incision on the poslenor surface of the breast is deter 
mined in each case by the size of the transposed organ, the chief 
c^siderabon being the avoidance of tension on the Imes of suture 
^ ^ rule, this incision is placed sexeral centimeters 

above the submammary fold Any reduction of the gland at the first 
operation is limited to the loxver pole The mam branches of the 
^eral thoracic and the internal mammary arteries are not disturbed. 
T^extemal angle of tlie inasion is Gained 

ihe SKOQQ stage is earned out from four to six weeks later, when 
e nipple has taken” m its new location The excess skin, fat 
glandular bssue are removed through a crescent shaped incision m 
the submammary fold (Fig 457. C, D) Malimak* states that when 
e correction IS bilateral, this proc^ure does not lengthen the 
gicai penod In the one stage operation, the corrections are usually 
perfo^ed separately on each breast, thus requiring bvo surgifl 
procedures for completion If one performs the first stage of ** 
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operation on eacli breast at the same bme, the repair on both breasts 
IS finished together, and the total time required is tlie same as with 
the one stage method (Fig 458) 

The Lament mastopexxj, ihou^ differing in the details of technic 
from the operation of Mahnnk, is likewise designed to allow mainte- 
nance of the circulation The proposed lines of incision, which are 
similar to those described, are marked out the day before operation 



Fig 458 —Virginal hypertrophy The enlarged breasts caused pam physical 
disability and embarrassment The two stage Mabniak operation was used to re 
construct the breasts All diameters of the breasts were proportionately reduced to 
obtain the esthetic result The scars are located in the inframanimaiy folds The 
nipples have normal erectile power 

The patient is placed on the table in semi Fowler position with die 
arms alambo A circular incision is made around the areola and from 
it another is made perpendicularly upward to the new nipple site 
(Fig 459 A) The skin of the breast is undermmed m a thick flap 
The breast, denuded of skm and with its nipple and areola attached, 
IS pushed up to the desired position on the chest This allows the 
operator an opportunity to evaluate the amount and area of breast 
tissue to be removed Either tivo or three triangular wedges of tissue 



Fig 459 —The Lament mastcipexy A stuiaWe position for the transposed lupp!® 
and the proposed lines of incisiMi are marked out the day prior to operation d A 
circular incision is made around the areola and from it another is made perpenoica 
larly upward to the new ntpple site The posterior incision begins at the mfenof 
margin oE the areola and evtends downward to just abose the inframanunary fold, 
where it extends in either direction in the fona of an inxcrted T The skin ^ 
brecist is undermmed m a thtcL flap Depending on the amount of breast tissue to 
be remosed two or three tnangular wedges of tissue extending down to 
fascia are resected (B ) The breast now reduced in sire is eleialed to the desired 
position and fixed to the pecbnal fasaa using heaxy silk sutures (C) A circular or 
oval button of sVin previously maiVed is removed to sene as tlie new locatwn o 
the nipple and into it the areola » sutured (C) The skin flaps are so cut as to ad 
just ihemsehes to the newsue COTtour and posibon of the breast (D) la instances 
of very large breasts or where revisKm is necessary the second stage of the recon 
stnicbon is performed several weeks later reopening or excising the infratna^ 
roary incision and malong an inciuoa from its center upward to form an in'«' 

T (D) Depending upon the anKraot of breast to be removed additional wedgrt 
or a crescent are resected The flaps are trimmed and sutured without tension (A/ 
1100 
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extending douTi to the pectoral fascia are resected. These wounds are 
closed xvith interrupted sutures of silk (Fig. 459, B). Three heaxy 
silk sutures are inserted through the pectoral fascia over the second 
rib and carried througli the upper poles of the breast, fi.xing the 
breast in its new position (Fig. 459, C). 

A circular button of skin, preWously marked, is removed to ser\-e as 
the new location of the nipple which is sutured at the peripher>’ (Fig. 
459, D). The skin flaps on either side are brought around the breast. 



Fig. 460.— A, Asymmetrical pendulous adipose breasts The Lamont operation 
was used to reconstruct both breasts. The first dressing was performed on the fifth 
postoperative day at which time the drams and esery other bbck sUk suture were 
remo\ed, B, Appearance of the patient on the tenth postoperative day prior to re- 
moving the remaining sutures. The horizontal lines of the inverted T incision are 
concealed in the submammary fold. 

meeting in the center where the excess is e.tcised. Interrupted sutures 
of silk are used for the closure. A drain is inserted beneath the flaps. 

In instances of very large breasts or where revision is necessary, 
Lamont performs the second stage of the reconstruction several weeks 
later by reopening the inframammary incision and making an incision 
from its center upward to the outer edge of the nipple to form an 
inverted T (Fig. 459, F). Heavy skin and subcutaneous tissue flaps 
are reflected, and, depending upon the amount of breast to be re- 
moved, additional wedges or a crescent are resected from the infra- 
mammary region. The flaps are trimmed and resutured without ten- 
sion (Fig. 460). 
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Fig 461 —Right mammoplasty subtotal amputation of the breast with co 
stniction of an artificial nipple A A crescent shaped inc sion was made anterior y 
over the right breast from the axilla to the xipho d process A heavy skin flap 
mobilized supenorly as far as the clavicle With the breast hfted upward a 
crescent shaped incision was made several centimeters above the submammary 
fold Subtotal amputation of the breast was performed xemovmg all of the tissue 
between the two mcis ons The small amount of breast which remained w^ a 
vanced upward and fixed to the pectoral fascia over the second and third n s 
usuig braided silk sutures Because of the leadier like texture of the mpple it 
not advisable to use it as a free graft To create the illusion of the presence o a 
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Free Transplant of tlie tipple? Construction of an Artificial 
Kipple.-This operation, first described by ThoreV bas been used 
also b) UpdegrafP and Adams’ in cases of marked h>^ertrophy. The 
writers have a\oided use of this procedure througli fear of necrosis 
due to tlie unsuitable character of the transplant advocated’ which, 
to provide a suitable effect, should involve the nipple, areola and 
muscular tissue For this reason, tlie authors do not regard the proce- 
dure as one of choice but as one of necessity In some instances, satis- 
factory results m the treatment of massive h>'pertyoph> of the breasts 
can be attained only by subtotal excision of the enlarged organ and 
construction of an artificial nipple An illustration of this is given in 
the following case report 


Case Report -Subfowl Hcmowil of Brcastt Weighing 54 Pounds {24 S Kg) - 
A 22 year old mamed Negro woman was adnulted to the Obstetrical Service of 
the Duke Hospital March 0, 1945, at which lime she was eight and one half montlis 
pregnant She had expenenced five previous pregnincies, each of winch terminated 
m a normal full term delivery The first child was bom January 2, 1936 The first 
four infants were breast fed for periods rangmg from Uuee to twelve montlis The 
last cluld was bom May 6, 1943 and after several weeks was placed on a bottle 
because of convenience ” 

The present pregnancy began in July, 1945, at which bme the patient s breasts 
were about size of a grapefruit or a small head of cabbage ’ Although Uiere 
was some mcrease in size assoaaled with the progression of the pregnancy, the 
breasts did not begin to increase rapidly m size until she bad reached the seventh 
month Within three to four weeks they then reached tremendous proportions su(H 
cient to incapacitate the patient almost completely and to necessitate hospitaliza- 
tion An overhead suspension apparatus was designed to rebeve the pabent of the 
great weight Pregnancy terminated m a normal delivery on March 22, 1945 At- 
tempts to aspirate the breasts on several occasions during the foUow-mg week 
yielded only 12 to 15 cc of milk The paUent was fitted with a home made breast 
support and allowed to leave the hospital March 29, 1945 Detailed contraceptive 
instructions were given 

An endocrine survey during the pabent's hospitahzabon disclosed no abnor- 
mabties It was the opinion of most observers that tlie breasts would regress jn 
size durmg die postpartum penod but that, if this did not occur, plasuc recon- 
struction of the breasts should be performed within sw months The patent did 
not return unbi December 12 1943, vvhen she again was about five months preg 
nant Her breasts were now even larger than on her previous admission (Fig 


mpple and to obtain the desired contour in reconstruebon, a veitical incision was 
made in the anterior skin fiap up to the approximate posibon of the constructed 
nipple (B) The incision in the submammary fold was then closed, using inter- 
rupted sutures of silk placed obhqneV so that the lateral fiap was drawn medially 
and the medial flap laterally vvhen Uie sutures were bed (C) The verbeal Lmb 
nns closed nest A "dog ear’ to simulate a nipple and areola was then formed bv 
maling a small memon oblnjoely downtvard (D) Since this shin is loose the 
Pt^cntation is deeper and the illusion is quite effecUse The specimen wemUeU 
32 pounds ( 14 5 Ig ) The meuion healed pet pnmam 'v^'Shed 

.n.™'” "-as performed on the left breast The 

speamen weighed 22 pounds (10 kg ) oreast me 
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435) Inasmuch as the breasts were already of great size and movement ^as 
laborious and awkward operation was decided upon despite the tcabzation that 
miscatnage would follow 

Operation '.fammoplastj right breast Ueight of specimen 32 pounds (H5 
Kg ) -On December 17 1945 with the patient anesthetized with oclopropane 
and ether a subtotal erosion of the ngbt breast was performed and followed by 
plastic reconstnicbon of the part that remained loe tongs were used to hit the 
breasts at operation 

A low crescent shaped incision was made anteriorly over the nght breast from 
the anterior ariHar> fold to the xiphoid process (Fig 481 A) The vessels m the 
subcutaneous tissues were markedly enlarged The anterior skin flap vvas tlien 
dissected supenorty as fat as tl e clavicle With the breast lifted upward and iox 
ward a second crescent shaped incision was made about 3 cm above the sub 
mammiTv fold A subtotal ercisirai of the breast was perfonned as rapidlv as pos- 



total amputation and reconstruction of the 
lowing the same operation on the left btea 

flaal nipple and areola on the left side are high as compared with the location cm 
the nght This was due to an error m fudgment winch could easily be conected 
The patient however is so pleased with tlie mult that she does not desire any 
further operations 

sible On section there were many large lobules of hyperplastic tissue many of 
which measured 8 cm m diameter Ihe adipose bssue vvas scanty and occupied 
only the spaces between the hyperplastic lobules Large qiianhhes of clear straw 
colored fluid escaped as the breast tissue vvas sectioned TJ>e spedmen weighed 
32 pounds ( 145 Kg ) 

Because of the thick leather like fetture ol the nipple it was not advisable to 
transpose or use it as a free graft To create the illusion of the presence of a 
nipple and to obtain the desired contour in the teconslfudion the followiflS slep* 
were earned out That small amount of breast which remained attached to the 
chest wall was advanced upward and anchored to the pectoral fascia over the 
second and third nhs with several braided silk sutures The remaining gland was 
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461, B), the flaps were brought toward each other, o\erlapped, and the redundant 
parts removed The horizontal incision just aboae the immmary fold was closed 
first, using interrupted sutures of silk placed obliquely so that the lateral flap was 
drawn medially and the medial flap laterally w hen the sutures were tied ( Fig 
461, C) The lertical limb of the incision was closed next wnth the same suture 
materials A “dog ear” to simulate a nipple and areola was then formed by mik- 
ing a small incision ohhquely downward (Fig 461, D) Since this skin was loose, 
the pigmentation was deeper' and the illusion quite effective 

Histologic sections showed an “extreme degree of adenomatous hyperplasia 
The incisions healed per pnmam, and the patient was discharged on the sixteenth 
postoperative day The fetal heart could not be heard at this time, although the 
patient thought she experienced fetal movements 

Operation Mammoplasty, left breast Weight of specimen 22 pounds (10 Kg ) 
—The patient returned in about three weeks for the operation on the left breast, 
and on January 24, 1946, a mammoplasty using cyclopropane as the anesthetic 
agent was performed The specimen weighed 22 pounds (10 Kg ) The same type 
of operapon was performed as upon the previous occasion Two days later, a macer- 
ated fetus was extruded The operative incisions healed per pnmam and the pa- 
tient was discharged on the se\entcenth postoperative day, February 10, 1946 
Photographs taken several days befcre discharge (Fig 462) show the left arti- 
ficial nipple and areola high as compared with the location on the opposite side 
This Was due to an error in Judgment, and although the patient svntej that ft has 
descended to a more normal position, she is so pleased with the present result 
that she does not desire any further operative procedures 

VZIlCI^AL AND GRAVID iryPEnTROPflY 
While the majority of cases of virginal hypertrophy ( Fig 458 ) have 
their onset during adolescence, a similar condition may also occur 
during pregnancy (Fig 456). Virginal hypertrophy must be distin- 
guished from adipose breasts (Fj'g 460) Enlargement of the breasts 
due to deposition of fat may occur in cases of pituitary disturbance, 
where there is an increase of fat about the hips and in the mammary 
glands, but the excessive growth seen in virginal hypertrophy does 
not occur. 

“Because the end-organ rather than the hormonal functions is at 
fault in virgmal and gravid hypertrophy, endocrine therapy is unsuc- 
cessful Surgery, therefore, is tlie only other alternative. 

COMSIENT 

Benign and malignant breast tumors have at least one feature in 
common: they are fonned by abnormal and purposeless multiplication 
ol cells previously derived from normal cells Benign tumors resemble 
closely the tissue from wbidi they originate. The cells are arranged 
in a relabvely orderly fashion, and although the tumor may attain 
great size, it rarely jeopardizes the life of the host except by interfer- 
ence with vital functions by pressure. In contrast, however, malignant 
neoplasms consist of abnormal cells which may tend to approach the 
undifferentiated embr>onic type They are not orderly in growth but 
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invade and destroy adjacent hswes or metastasize to different parts 
of the body, and finally lead to die death of the patient 

Massioe hypertrophied breasts are tn most fnstonccs comparahh io 
benign tumors and should be considered and treated as such The 
increased size may be due to enormous deposits of fat, or to marted 
proliferation hyperplasia and hypertrophy of the breast tissue proper 
(Figs 456 438 4601 Massive breasts not only incapacitate the bearer 
but are conspicuous and unsi^itly The breasts cause self-conscious 
ness in the bearer are a source of pam and discomfort, and may cause 
scoliosis kyphosis or lordosis The excessive perspiration is unpleasant, 
and the patients avoid society, become depressed and morose, and an 
ensuing psychosis may develop 

The indication for surgical removal or correebon of hyperbophied 
breasts is just as real and as fully jusbfiable, especially in young 
women as the indication for many ordinary or well recognized sur 
gical procedures such as the correction of gynecomasba in the male, 
or the reduction in size of an elephaotoid extremity due to lymphatic 
obstruction Thorek^ has stated that “the average woman r^ards 
grace and beauty of form as one of the essenbals of life The fact 
that thousands of young and middle aged women adopt reducing 
diets in order to preserve or restore slimness of figure is proof in 
point " Rather than simply to amputate such breasts, it is much bet 
ter to remove them m a manner that leaves a pleasing instead of an 
ugly appearance at their site, if this can be accomplished without «i 
crease in the nsk Surgical correction of enlarged breasts is indicated 
when the hypertrophy leads to a disfiguring or disabhng deformity 
and when there is a reasonable probability that the operation ivill 
restore the affected parts approximately to normal without undue 
danger to the patient The operabon is designed to restore physical as 
well as psychological balance, and, properly erecuted, it will accoro 
phsh these objectives 


CONCLUSIONS 

Markedly hypertrophied breasts are, in many instances, compar 
able to benign tumors Plastic surgical correction is indicated wnen 
the hypertrophy leads to a disfigunng or a disabling deformity Three 
methods of reconstructing pendulous hypertrophic breasts are pf®" 
seated 

The suppression of mammary function is not a contramdicabon fw 
reconstruction, as normal function is rarely present m tire penouJcnis 
hypertrophic breast 

The authors are indebted to Mr Elon Clark and Mr Nome Parices for 
drawings to Mr Robert Little and Mr Nealy Webster for the photographs 
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COMPLICATIONS OF THORACOTOMY OBSERVED DURING 
OPERATIONS UPON THE SYMPATHETIC 
AND VAGUS NERVES 

Keith S Giumso-v, M D , F A C S * 

Thoracotomy was considered a hazardous procedure during the 
early years of development of modem surgery It was usually em 
ployed only for treatment of empyema or of penetrating wounds of the 
thorar Increasing knowledge concerning the physiology of respu-afion 
and circulation and concerning aseptic surgical technic, anesthesia 
and chemotherapy has gradually decreased the risk of thoracotomy 
Structures within the chest are being approached with increasing 
safety 

There are seven! examples of the development of the use of tho 
racotomy Difficulties encountered dunng early operations on thoracic 
portions of the esophagus were studied by Sauerbruch’ m 1905 They 
were gradually overcome and Torek* in 2913 reported the first resec- 
tion of the thoracic esophagus Graham and Singer* reported the first 
successful pneumonectomy m 1933 Surgery directed toward the 
formation of extra coronary blood supply for the heart was begun in 
1035 by Beck ^ Rtenhoff* m 1938 reported resection of the pulmonary 
plexus for asthma Tlie larger arteries in the thorax have been suc- 
cessfully approached for aneurysm by Alexander and Byron,* for mal 
formations of the heart parlicuhrJy pulmonary stenosis, by Blalock,’ 
and for coarctation of the aorta by Gross * 

These and other operations demonstrate the prevalent opinion that 
a transthoraac approach to the thoracic viscera is relatively s^fe 
The operations described above ate associated with a possibility of 
direct eontamimtion from the esophagus or the lung, or of comphea 
tions rehted to major changes of respiration and circulation The com 
plications or the risk that might be associated with thoracotomy itself 
are therefore not easily determined 
Transthoracic sympathectomy for hypertension (Crimson®) and 
transthoracic vagotomy for peptic ulcer (Dragstedt*®) are two opera 
live procedures m which the chance of complications related direcfl) 
to thoracotomy mighf better be evaluated since unrelated comphea 
tions are less likely This report deals with the use of these two opera 
li\e procedures and particularfy willi a study of complications ob- 
served that seem to be related directly to thoracotomy 

From the Department of Siiigeijr Dale t/niversity Schoo! of Mo&cirie 
nam North Carolina 

* Assistant Professor of Surgery, Duke University School of Ntedieine 
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TOTAL THORACIC AND PARTIAL TO TOTAL LUMBAR S^YIPATIIEO 
TOM\ AND CELIAC GANCLlONECTO^n IN THE 
TREAT’MENT OF inPERTENSION 

Complete remo\al of the two paravertebral sympathetic chains and 
the splanchnic ner\es of cats was first described m 1929 by Cannon 
and his associates “ They used two transthoracic operations to remoae 
the thoracic s>Tnpathetic neiaes, and a transabdominal approach for 
the lumbar chains Expenmental evidence obtained from the use of 
this total sympathectomy in normal dogs and m dogs with experi 
mental h>'pertension>2 « m I 94 O to the use of the ^vo transthoracic 
stages and occasional!) also the abdominal stage for sympathectom) 
of patients with hypertension ® The rationale for the use of this opera 
tion has recently been reviewed 

Fifty SIX patients have been treated by total thoracic and partial to 
total lumbar sympathectomy, splanchnicectomy, and celiac ganglion 
ectomy The thoracic operations are earned out m two stages at in 
tervals of two to four weeks The operative technic for transtlioracic 
sympathectomy will be presented m some detail to aid evaluation of 
the complications of thoracotom> that will be discussed 
Operative Teclmlc.—The operation is performed with the patient 
anesthetized by ethylene and ether administered through a closed 
system with moderate positive pressure Intravenous saline and blood 
are given routinely The operation 1 $ begun by an incision over the 
third rib at right angles to the midaxilhry line This is deepened to 
permit removal of 4 or 5 mches of the nb The adjacent intercostal 
nerve is resected and the chest is opened by dividing the periosteum 
and pleura of the nb bed The lung is retracted and the upper pos- 
terior wall of tile thorax is exposed The pleura overlying the para 
vertebral sympathetic chain and the upper seven or eight sympathetic 
ganglia is then divided The stellate ganglion and the chain down to 
and including the seventh or eighth thoracic ganglia and also the 
upper branches of the splanchnic nerve are freed by dissection The 
bed of the third nb is closed by a continuous double suture of No 0 
chromic catgut and reinforced by interrupted sutures approximating 
the divided muscles of the chest wall Stay sutures between nbs are 
not employed A second similar incision 1 $ Aen used to resect 7 inches 
of the tenth nb and expose the lower postenor wall of the thorax 
The sympathetic chain and the splanchnic nerves that were freed 
through the upper incision are picW up and dissected dowm to the 
level of the diaphragm The fibers of the diaphragm about the 
splanchnic nerve are split Traction on the splanchnic nerve brings 
the major portion of the ceUac ganglion through the diaphragm for 
resection The posterior attachment or reflection of the diaphragm is 
partially divided transversely and the diaphragm is retracted dow-n 
ward and inverted The thoracic paravertebral sympathetic chain is 
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then nicked up -md disserted doivmrasd to !ocHe and remove the fat 
or the first and second lumbar ganglia After the sympathetic nenes 
Ld ganglia are removed a No 32 Pezzer catheter is 
through a stab wound m the midaHlIary line between the eighth tmd 
mnlh^nbs for sterile chest drainage The defect m the pleuia of the 



Fig 463 -T1 oiacotoaiy through the bed of the thud insit 

Stellate and upper tl one c s>inpat} etic cha n anJ gangl a is ^ o cr 

si ows ti e location of the incis o \ and also tl c local on of a , „ e, s sler^^^ 

the tei th nh used W enter tl c lo ver ihorat Hie slab A\ound for cw t 
chest drainage js located just above the lower Incision 

posterior chest wall c^^llot be lepaired The incision in the 
IS finally closed using fine chromic citgttl The operation i 
in Figs 463 and 464 ^fladled 1° 

After operation the Pezzer catheta when emplo)eci ..mo^ed 
a sterile ciiest suction apparatus (Fig 465) The cathe er 
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on the third or fourth day after operation. Inlranasaf o\ygcn is nsnaliy 
used for twenty-four to forty-eight hours The patients are routinely 
turned each hour for forty-eight hours 
One hundred and eleven thoracotomies for this type ot sympa- 
thectomy were performed on fifty-six patients with hypertension. The 



Fig 464.— The exposure of the sympathetic chain, splanchnic nene, and celiac 
gangha obtained by thoracotomy through the bed of the tenth nb is illustrated 
This exposure js used for the lower part of the operation for total thoracic and 
partial to total lumbar Syropalhcctomy and cehac ganghonectomy illustrated ir 
Figure 463 It is also used for those patients in whom splanchnicectomy alone i 
elected 


patients and the complications that developed will be presented ir 
two groups. The first group includes nineteen patients who wen 
treated at the University of Chicago between May 1940 and Junt 
1942 These nineteen will be discussed briefly since their hospita 
records are not now available for detailed study. Their care differet 
from the later group in that ultraxiolet bactericidal radiation was no 
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used m the operating room and chemotherapy employing only sulfa 
mlamide or sulfathiazole was Jess frequently employed after opera 
tion Intratracheal intubatiorr not employed during anesthesia 
Tliere were three deatiis during the period of hospitalization for 
operation One followed a uremia and pneumonia that developed hvo 
weeks after the first stage of the sjonpalhectomy Death occurred five 



Fig 465 —The stenle gravity sucboa apparatus employed during 155® 
several days after thoncotomy to miniDuze complications from pleural effavjon 
is illustrated 

weeks later Tvio followed a sudden arrest of respiraUon that occuired 
on the third and the fifth day respectively after the second stage B®di 
of these deaths occuned in patients who had had repeated episodes 
of hypertensive encephalopathy and also two or more cerebral vas 
edar accidents Autopsy revealed minimal pulmonary pathologic 
change Each brain demonstrated evidence of increased mttaaaoiai 
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pressure and of advanced atheromatous obstructive vascular disease 
of the arteries of the circle of Willis It seems probable that these 
two deaths from abrupt failure of respiration were caused by the 
lowered blood pressure and the increased intracranial pressure with 
resulting ischemia of the respiratory center The three operative 
deaths among these first nineteen patients seem to be related directly 
to the hypertensive disease process and the sympathectomy and not 
to the thoracotomy 

Continuous sterile chest drainage was used in all but two of these 
nmeteen patients Serious complications related to the use of the 
drams did not occur 

Complications that are evidently related to llie thoracotomy did 
occur Superficial wound infections developed in four patients A 
localized empyema developed beneath the third nb bed in one It 
required secondary open drainage Bronchitis with tenacious mucus 
and severe dyspnea occurred in five This precipitated cardiac failure 
and acute pulmonary edema m one Varying degrees of pleural effu 
sion occurred m all patients Elevation of temperature developed in 
many and lasted from several da>s to two weeks 
The second group of the fifty six patients who were treated by total 
thoracic and partial to total lumbar sympathectomy and cehac gan- 
glioneclomy consists of thirty seven treated m Duke Hospital since 
June 1942 The anesthetic and the technic of operation have not been 
altered Bactericidal ultra\iolet radiation as described by Hart'*’ 
was used in the operating room during each operabon Intratracheal 
intubation was employed during anesthesia for the first operation in 
three patients, for the second in five, and for both operations in one 
Intravenous saline or glucose and also blood were given during each 
operation As the sympathectomy progressed, blood pressures were 
lowered The reduction reached shock levels in two patients during 
the first operation and in twenty slx during the second sympathec 
tomy In each instance the sympathectomy was discontinued for ten 
to thirty minutes to permit recovery and stabilization of pressure and 
then completed 

Penicillin was employed prophylactically or therapeutically m seven 
teen patients during the first several days after each operation Sulfa 
merazine, sulfathiazole or sulfadiazine was given to ten patients along 
%vith penicillin and to five who did not receive penicillin Fifteen pa 
tients did not receive penicillin or chemotherapy The interval be 
tween die thoracotomies ranged from fourteen to seventy hvo days 
and averaged twenty four days 

Continuous stenie chest drainage was employed after each opera 
tion m all but two of the seventy four thoracotomies in these thirty 
seven patients There were no complications or significant observa 
tions related to use of the drams m sixty six thoracotomies or twenty 
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had advanced encephalopathy resistant to medical management It 
occurred nine days after the first operation with evidences of in 
creased intracranial pressure and a cerebral vascular accident These 
deaths are related to the disease and the sympathectomy rather than 
to the thoracotomy Of the remaming seven patients thoracotomy was 
well tolerated in three as judged by a maximum elevation of tempera 
hire to less than 101'’ F The remaining four developed an elevation 
of temperature over 101® F Two of these developed an elevation of 
pulse over 110 The rate of respiration did not exceed 30 m any 
patient The interval between operations ranged from thirteen to 
twenty three days with an average of eighteen X ray studies of the 
seven patients demonstrated moderate clouding of the costophrenic 
angle in six and fluid sufficient to produce shift of the mediastinum in 
one 

Infections of the pleural cavity or of the superficial wounds did not 
occur There was no clinically recognizable pneumonia Two patients 
developed mucus m the trachea and cough Four patients were given 
pemcillm Intratracheal intubation was employed during operations 
m two patients Blood pressure was not reduced to shock levels m 
any patient Abdominal distention occurred m three Each patient 
complained of pain in the chest wall or upper abdomen 

Splanclinicectomy by Lumliodoreal Approach —Sixteen patients 
were operated upon through the posterior hockey shaped incision de 
scribed by Smithwick ** After dissecting free and retracting the heav> 
lumbar muscles the twelfth nb was resected and the diaphragm was 
detached The sympathetic and splanchnic nerves were removed from 
beneath the pleura and the peritoneum In one-half of the patients 
the celiac ganglia were also removed Small openings mto the pleura 
dev eloped during five operations The course of these five patients did 
not differ from the others Ethylene ether anesthesia and bactericidal 
radiation were used during each operation and blood and mtravenous 
fluids were routinely administered Intratracheal intubation was em 
ployed for anesthesia in seven patients The two stages were per 
formed at intervals of ten to twenty eight days the average being 
seventeen days Reduction of blood pressure to shock levels occurred 
in six patients during the second stage of the sympathectomy 

One patient died two weeks after the first operation with uremia 
The reactions of the remaining fifteen will be described Seven toler 
ated operation favorably as judged by a maximum temperature of 
less than 101® F Eight developed temperatures over 101® F that 
lasted three to fourteen days Of these eight three developed a rate 
of respiration over 30 per minute Nine of the fifteen patients dev el 
oped tachycardia of more than HO Penicillin or chemotherapy v'** 
emplojed m eight patients 

Two wounds disrupted and became secondarily mfected A hemat 
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oma occurred in another that also de\ eloped infection X-rays after 
operation revealed pleural effusion m all patients This was sufficient to 
produce a shift of the mediastinum in one Three patients developed 
pneumoiua Tmo others de\ eloped bronchitis and severe cough All 
of the patients also complained of pain in tlie lower chest, in the 
abdomen, and occasionally around the iliac crest Abdominal disten- 
tion occurred in five 

TnA^STIIO^L4CIC VAGOTOMY 

The operations described above have all been sympathectomies per- 
formed in patients with hypertension A transthoracic approach foi 
resection of the lower thoracic vagus nerves and their bra*nches has 
been devised by Dragstedt^** for treatment of patients with peptic 
ulcer The therapeutic and physiologic cfl^ects of this operation h'lve 
been reviewed by Thornton, Storer and Dragstedt,'® Gnmson, Taylor, 
Trent, Wilson and Hill,-® and by Moore, Chapman, Schulz and Jones"* 
and need not be discussed in this report Vagotomy affords an oppor- 
tunity to study the complications of thoracotomy m patients who have 
peptic ulcer and who do not have hypertension or undergo sympath 
ectomy 

Thirty three patients have been treated by vagotomy m Duke Hos 
pital since July 1944 without mortality The operative approach is 
illustrated in Figure 466 Anesthesia and supportive therapy were the 
same as for sympathectomy except that blood transfusions were not 
often used ^ Blood pressure was reduced to shock levels during opera- 
tion in only one patient Sterile chest drains were arbitrarily not em- 
ployed Penicillin was used m eleven patients and chemotherapy in 
ten Intratracheal intubation was employed during anesthesia m nine 

Two of the tliirty three patients had vagotomy because of tertiary 
lues with severe gastric crises The remainmg thirty one had vagotomy 
because of duodenal, stoma or gastric ulcers In three instances 
vagotomy was performed immediately after laparotomy and gastro- 
enterostomy and m one after exploratory laparotomy Smee these pro 
cedures may have altered the postoperative course these four opera 
tions will be omitted and only the remaining twenty nine vagotomies 
will be mcluded m the analysis 

The thoracotomy was well tolerated m thirteen patients as judged 
by a maximum temperature of less than 101° F Sixteen patients had 
temperatures over 101° F Elevations lasted from two to ten days 
Nine patients had pulse rates of over 110 and seven had rates of 
respiration that exceeded SO Bronchitis with accumulation of thich 
mucus in the trachea occurred in six patients In addition clinically 
recognizable pneumonia occurred in Eve In three it was located in 
the right lower lobe Accumulation of some fluid in the pleural cavity 
on the left side occurred in all patients In three it was sufficient to 
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produce shift of the mediislinum Atelectasis was observed by x ray 
on five occasions Infections of tlie pleural cavity or of the operative 
wounds did not occur Pam on the side of the operation occurred and 
persisted several weeks Abdominal distention occurred but seemed to 
be related to the effect of the va^tomy on the stomach rather than 
to the thoracotomy 



COaiMENT AND SUHniARY 

Certmn complications have developed after tlioracotomy emplojcf^ 
for sympathectomy or vagotomy Also certain complications have 
curred after the Smithvvick retropleiiral transdiaphragmatic splmch 
nicectomy A comparison of the complications observed after the van 
ous forms of thoracotomy and an analysis of the value of certain 
prophylactic measures will be attempted The complications and their 
prophvlavis will be summanzed and discussed separately 
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Infeciion. -Nineteen pntients had thirty-seven thoracotomies per- 
formed with conventional aseptic surgical technic but without ultra 
violet bactericidal radiation m the operating room Four developed 
superficial wound infections and one developed a localized empyema 
Seventy five patients had 119 thoracotomies performed using conven- 
tional aseptic surgical technic reinforced by ultraviolet bactericidal 
radiation m the operating room One developed a wound infection 
and another developed a wound hematoma that became secondarily 
infected Empyema did not occur Chemotherapy was not consistently 
used in either series of patients It therefore seems probable from tins 
reduction of rate of infection that ultraviolet bactericidal radiation 
during operation is a useful prophylactic adjunct to thoracotomy 
Pleural Effusion.— Varying degrees of pleural effusion occurred 
after each of the operations described Sterile chest drainage (Fig 
465) was usually employed in thoracotomies for removal of the entire 
thoracic paravertebral sympathetic chains, the splanchnic nerves, the 
celiac ganglia, and the upper lumbar ganglia Drainage was arbi- 
trarily not employed after the less extensive thoracotomies for splanch- 
nicectomy or vagotomy A companson is therefore possible between 
the complications in thirty seven patients or seventy-two thoracot 
omies performed with continuous diest drainage for the total tho 
racic sympathectomy and the complications m thirty-seven patients or 
forty four thoracotomies performed without continuous drainage for 
splanchnicectomy or vagotomy Nine of the thirty seven patients with 
drainage developed temperatures over 101® F Twenty of the thirty- 
seven patients without drainage developed temperatures over 101® F 
even though thoracentesis after operation was conventionally but not 
routinely employed Among the patients with sterile chest drainage 
pleural effusion sufficient to cause shift of the mediastinum occurred 
m three in whom the drainage catheters became blocked Clinically 
recognizable pneumonia did not occur Among the patients without 
sterile chest drainage fluid sufficient to cause shift of the mediastinum 
occurred in four and chmcally recognizable pneumonia in five Rou- 
tine x-rays demonstrated least accumulation of fluid in the patients 
with drainage except for three in whom the dram became blocked 
X rays demonstrated the greatest accumulation of fluid in the less 
extensive thoracotomies performed without sterile chest drainage for 
splanchnicectomy or vagotomy It therefore seems probable that con 
tmuous chest drainage is a valuable prophylactic measure during the 
first 2 or 3 days after these varieties of thoracotomy 
It is of interest that varying degrees of pleural effusion also occurred 
m the patients treated by the retropleural splanchnicectomy described 
by Smithwick It is possible that open thoracotomy with provision for 
continuous drainage may prove preferable to extensive retropleural 
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EmliarrassniLiit of Respiration — Embamssment of respiration 
during thoracotomy has occurred only occasionally Intratracheal in 
tubation was emplojed during operation for twenty of the 156 tho- 
racotomies On sixteen occasions it was elected by the anesthehst 
before operation On four occasions it was deemed advisable during 
induction of anesthesia or during operation 

Embarrassment of respiration was of greater significance after oper 
ation \ arying degrees of splinting or limitation of excursion of the 
chest wall occurred This restriction of normal inspiration and expira 
tion was partially responsible for the ele\ alions of rate of respu-ation 
observed Among the seventy two thoracotomies in which incisions 
through the third and the tenth nb bed and sterile continuous chest 
drainage were employed increase of the rate of respiration over 30 
per minute occurred during the first several days after operation in 
nme Among the forty five thoracotomies m which incisions were 
made through one rib bed for splanclmiccctomy or vagotomy a similar 
increase of die rate of respiration occurred m seven These increases 
of respiratory rate were related to pleural effusion or to pulmonary 
disease more than to Lmitation of motion of the chest wall It never 
theless seems advisable that sufficient time be allowed between stages 
of bilateral thoracotomies to permit recovery of motion of the chest 
wall of the side of the first operation The average time between the 
thoracotomies using two incisions was twenty four days and between 
the thoracotomies using one incision for splancbnicectomy was eight 
een days It seems advisable that if complications have occurred after 
the first operation the second should be deferred longer than these 
averages 

Enibarrassmeiit of Circulalioii —Embarrassment of circulation 
with reduction of blood pressure to shock levels occurred frequent!) 
during thoracotomies for sympathectomy It seemed to be related to 
the extent of the sympathectomy and to the amount of blood lost dur 
mg the operation Lowering of blood pressure occurred duimg the 
first stage of the thirty seven bilateral total tlioracic sjanpathectomi^ 
in tw 0 patients and during the second stage in twenty six It occurreo 
during SIX of the fifteen second stages of the transdiaphragmatic 
retropleural splanchnicectomies with their associated extensive dissec 
tion of heavy muscles of the bick It occurred in only one of the 
splanchnicectomies through a thoracotomy incision and in one of the 
vagotomies 

Embarrassment of circulation therefore does not seem to be a 
major complication associated walh thoracotomy alone Similarly ele 
vations of pulse rate after operation seem to be secondarily related to 
other complications of thoracotomy or to the vasomotor irnbalance 
caused by splancbnicectomy Tachycardia occurred least often 
the more extensive and uniform total tlioracic sympathectomy 
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Pulmonary Comphcalions.— Accurate determinations of the exact 
nature of the pulmonary complications that occurred after tlie 156 
thoracotomies or the tliirt) one posterior retropleural operations for 
splanchnicectomy is difRcult Details of the changes m the lung were 
often obscured by fluid Also chemotherapy was usually given when- 
e\er elcYations of temperature were observed This interfered with 
the dev elopmeut of diagnostic signs Nev ertheless, clinically recogniz- 
able penumonn occurred after live of tlie tlioracotomies These live 
were in patients treated h> vagotomy Interference with the motor 
nerves to the stomach and regurgitation and aspiration of gastric con 
tent seems more important in these five than tlie thoracotomy itself 
It IS of interest that clinically recognizable mild pneumonia also oc- 
curred after three of the retropleural splanchnicectomies The pneu- 
monias all responded readil> to chemotherapy 
Greater difRcuIty was experienced with a form of bronchitis asso- 
ciated vvath dyspnea produced by accumulation of tenacious mucus m 
the trachea This occurred after total thoracic sympathectomy m seven 
patients, after transthoracic splanchnicectomy m two, and after vagot- 
omy m SIX It seemed to be associated with pam and splinting of tlie 
chest wall and interference with coughing Breathing exercises, in- 
halation of carbon dioxide, routine turning of the patient, narcotics to 
relieve pam, intranasal oxygen, and forced coughing have been em 
ployed as prophylactic measures Inhalations of steam, administration 
of ammonium chloride, enforced coughing with the operative site sta- 
bilized by manual pressure, and when necessary intratracheal suction 
through a nasal catheter manipulated into tlie trachea or through a 
bronchoscope have been emplo>ed as treatment 

It has not been possible to determine the frequency with which 
atelectasis has occurred The shifts of the mediastinum described have 
been attributed to pleural effusion Massive atelectasis has not devel- 
oped Varying degrees of atelectasis have certainly been responsible 
for some of the symptoms observed 

After thoracotomy for operations upon the sympathetic or the vagus 
nerves the lung that has been beneath retractors is usually com 
pressed As a prophylactic measure against atelectasis, positive pres 
sure Ins been roubnely increased toward the end of the operation to 
8 or 10 cm of water Gentle manual massage of the compressed areas 
of the lung then permits re enlr> of air so that the dark compressed 
areas have a normal appearance 

The routine, prophylactic use of chemotherapy and penicillin when 
ev er elevation of temperature was observ ed is probably an important 
factor m the decrease in incidence and sevenlj of the pulmonary com- 
plications of thoracotomy 

AlMlominal Distention.-Distenhon of the abdomen by gas in the 
stomach and intestine occurred after seven of the thoracotomies for 
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sympathectomy and after five of the retropleural splanchnicectomies 
Distention did not appear immediately after the positive pressure 
anesthetic It is evident th'it the denervation of abdomiml viscera in 
cident to the sympathectomies may temporarily interfere with normal 
peristalsis It is therefore not possible to determine whether the oh 
served abdominal distention is a complication of sympathectomy or 
of thoracotomy 

Pain.— The most distressing complication of thoracotomy from the 
point of view of the patient has been pain Each of the patients de 
scribed in this report have had pam m the chest and many of them 
have also had pam referred to the abdomen or to the shoulder and 
arm The pain is usually most intense diirmg the second weeh after 
operation When bilateral thoracotomies are used it shifts to the side 
of the last operation It usually lasts many weeks The occasional pa 
tient will complain of soreness at times as long as a year or more 
after thoracotomy 

The pam is more intense after sympathectomy than after vagotomy 
Since this operation is upon nerves that contain sensory fibers the 
pam cannot be attributed entirely to thoracotomy Nevertheless, pro- 
phylactic measures have been attempterl The intercostal nerve in 
ferior to the incision is routinely excised or avulsed In some pabents 
the intercostal nerves adjacent to the incision have been crushed In 
others they hav e been injected with aJcolioI Neither procedure has 
efiected definite relief Sihcjlatos, heat, diathermy and psychotherapj 
have all been employed as adjuncts to the use of narcotics 

CONCLUSION 

Thoracotomy as employed for operations upon the sympathetic and 
the vagus nerves has been associated with a relatively high mcidenw 
of occurrence of complications The incidence may be lowered by 
prophylactic measures Continuous sterile chest drainage seems to be 
an important precaution that should be used during the first several 
days after operation The complications that develop usually are not 
serious and can be adequately treated The evidence would indicate 
that tlioracotomy may be employed as a relatively safe surgical 
procedure 
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ESOPHAGOGASTROSTOMV FOR LESIONS OF THE UPPER 
END OF THE STOMACH AND LOWER END OF 
THE ESOPHAGUS 

B Noland CAnxEn, M D, PiiD * and Edward J McGrath, 

MD.FACSt 

The operation of esophagogastroslomy for lesions of the cardiac 
end of the stomach nnd the terminal portion of the esophagus has 
been recognized for many years as both a desirable and feasible pro 
cedure, but only by a small group of surgeons As evidence of this is 
the fact that from 1907 until 1940 only twenty successful esophago 
gastrostomies had been reported and these had been performed by 
eleven surgeons The first such case was reported by Voelcker^ in 
1907 and from that date until 1934 four additional cases are to be 
found in the literature The remaining fifteen successful operations 
were reported from 1934 to 1940 In the past six years this operation 
has gamed m popularity and has been extended to include esophageal 
lesions as high as the upper third of this organ At present this proce 
dure is regarded not only as feasible but as the preferable means of 
dealmg with certain lesions of the esophagus and cardiac portion of 
the stomach Only recently Sweef* reported thirty eight cases in which 
esophagogastrostomy was performed Garlock® has reported fifty five 
cases and many reports of smaller senes have appeared 
In the first four successful cases reported m the literature the opera 
tion was performed by means of a Iransabdominal approach, but in 
the subsequent ones a transthoracic approach was utilized In our 
opinion the latter approach is the superior one and has been employed 
m all of our cases Obviously the transthoracic approach must be util 
ized for operations upon the lesions that occur at a high level in the 
esophagus The great advantage of the transthoracic approach for 
those lesions that he m the cardiac end of the stomach and terminal 
portions of the esophagus is the wide exposure and easy access thus 
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afforded With this approach not only can all portions of the orgins 
involved be readily exposed but the regional lymph nodes cm be 
visualized and removed Tlie glands which arc involved lie botli 
within the thorax and in the abdomen beneath the diaphragm The 
former cannot be removed by a trinsabdominal approach nor can the 
latter if only the thorax is entered Tins point was strongly empha 
sized by one of us^ in 1940 m commenting on the Torek operation 
When a transthoracic route is utilized and the diaphragm is vvidel) 
opened, one has before him the entire stomach and the entire tho 
racic esophagus, together with the lymph glands along the lesser 
curvature and those m the mediastinum 
As indicated above, the operation of esophagogastrostomy was 
originally designed for patients having lesions, chiefly carcinoma, of 
the cardiac portion of the stomach Subsequently its indications were 
extended to include carcinoma of the lower third of the esophagus 
and at present it is considered the operation of choice m dealing vvifli 
carcinoma of the esophagus occurring as high as the upper third 
Other indications for esophagogastrostomy may be benign stricture 
of the esophagus, large diverticula of the esophagus occurring lo the 
lower third, and chronic ulcer of the cardiac end of the stomach In 
the latter condition considerable discussion obtains as to whether re 
section of the ulcer-bearmg cardia and esophagogastrostomy per 
formed with the remaining portion of the stomach is preferable to a 
palliative subtotal gastric resection, leaving the ulcer in situ and rely 
mg on the reduction m gastric acidity to produce healing of the 
ulcer In considering this operation for ulcer of the stomach one must 
bear in mind that during the operation of esophagogastrostomy both 
vagi are of necessity sectioned In view of recent experimental and 
clinical work on the effects of vagotomy it would appear tint bene 
ficial effects might well result m the way of subsequent reduction in 
gastric acidity Following section of both vagi in a series of experi 
mentc'* - ■ r ' ^ i j ffl 

cully 
in sev 

subjected to the operation have not been evident However, a Levin 
tube has been left m the stomach for several days after operation and 
tins may be responsible for the absence of dilatation 
Tliere are methods of treating benign stricture of the esophagus 
other than by an esophagogastrostomy Among these are repeated 
dilatahon, a short circuiting operation, and the formation of an ante 
thoracic esophagus However, where stricture is limited to one por 
tion of the esophagus and is of considerable extent, resection of the 
inv olv ed area followed by an esophagogastrostomy may be the metbo 
of choice Similarly, whereas the maionty of large diverticula of th^ 
lower third of the esophagus are best managed by resection of the sac 
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or by changing its direction, there arc instances ^\here resection and 
esophagogastrostomy are to be preferred 

rREOl’ERATIVE PREPARATION 

The one lesion for which surgery is imperative is carcinoma, and 
this will serve as a type lesion with which to illustrate the applicability 
of surgery to this anatomic area An extensive discussion of the 
pathogenesis or clinical symptomatology of carcinoma of the lower 
esophagus and cardiac end of the stomach is outside the scope of this 
discussion Certain details of these aspects of the problem, however, 
have sufficient therapeutic significance to warrant brief reference 
The diagnosis of carcinoma of the lower esophagus and cardiac end 
of the stomach depends upon the history, the roentgenologic evidence 
of partial or complete obstruction, and the obtaining by esopha- 
goscopy of a biopsy specimen containing carcinoma cells Since, m this 
area, certain functional disturbances such as cardiospasm can and 
frequently do present a clinical and roentgenographic pattern indistin- 
guishable from carcinoma, the final determining diagnostic factor has 
generally been considered to be esophagoscopy and biopsy Modem 
surgical opinion, however, is more critical than formerly When a posi- 
tive biopsy IS obtained, the diagnosis is of course established A nega- 
tive biops>, however, does not necessarily eliminate carcinoma from 
consideration, particularly in early lesions of the cardia and terminal 
esophagus Every thoracic surgeon has repeatedly had the experience 
of seeing a patient in middle or late life, in whom a diagnosis of 
cardiospasm has been accepted on the basis of a negative biopsy, wbo 
proved at operation to have inoperable carcinoma We, m this clinic, 
share in the opinion of most surgeons familiar with this area, that, 
where doubt exists, exploration represents the lesser risk 
Another item of therapeutic importance in the clinical pattern pre- 
sented by these pabents is the development of early and profound 
cachexia, frequently out of all proportion to the extent or duration 
of the malignant process This fact has a double significance First, 
in these lesions, great loss of weight and emaciation do not consti 
tute "prima facie” evidence of inoperability Secondly, such profound 
nutritional and metabolic disturbances should, if possible, be corrected 
before the extensive resection and anastomosis necessary for the eradi- 
cation of the malignancy is undertaken 
Largely because of the foregomg considerations, we believe tint 
there is much to be gamed in such patients by the institution of a 
preliminary mitnent jqtmostomtj Tlje operation is exceedingly simple, 
It can be done with local anesthesia, it is attended by practically no 
risk to the patient, and it aSords the surgeon certain great diagnostic 
and therapeutic advantages Through the short upper left rectus inci 
Sion used to perform tlie enterostomy, it is quite easy to explore the 
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entue upper abdomen The presence or absence of metastases m die 
hver and in the subphremc lymphatic chains can be determined 
Espe cialiy in lesions of the teroiinal esophagus and cardia the extent 
of the process can be established at least grossly ^Ve his e had sei eral 
esperiences m winch a tumor thouglit to hare been reasonably cir 
cumsenbed was found to have spread so extensively that pracbcally 
the enbre posterior ivall of the stomach and the greater part of the 
pancreas iiere involved Thus by a simple operative maneuser a 
patient who obviously was inoperable was saved the much more 
extensive procedure of a wide transthoracic exploration of the thorax 
and abdomen Furtliermore when the diagnosis js in doubt—an oc- 
currence most frequently encountered when tlie lesion is at or )ust 
below the cardiac orifice~the doubt can be Hrgelv resolved by such 
exploration The entire stomach can be palpated directly and rfneed 
be visualized By invagmating the anterior gastric wall through the 
diaphragmatic hiatus the surgeon can palpate the lower IV to 2 
inches of the terminal esophagus which is the "blind" area endoscop- 
ically and roentgenographically It should be emphasized that, given 
a patient 40 jears of age or older who develops obstruction it or 
about til© gastric inlet carctnoma is the assumed diagnosis until abso- 
lutely disproved 

The basic purpose of the jejunostom) however is to provide a 
means of restoring the patients nutrition to nonrnl as npidly as pos 
sible At dus clinic a Stamm type jcjunostomy is used employing 
a No 12 or No 14 F Pezzer catheter placed m the jejunum just 
beyond Treitzi hgxment (6 to 10 inches) Through this the patient 
IS fed the Scott Ivy rotxture administered slowly and more or less con 
tinuousl^ bv means of a Morphy drip The patient himself can regu 
hte this if there is too rapid accumulation at any one tunc Supple 
mentarj vitamin therapy as well as anunoids are also given througl* 
the jejuiiostomy as indicated Additional parenteral therapy can 
also be used of course but with the intcstiml avenue available less 
of a burden is imposed upon the peripheral venous bed which can 
thereby be saved to meet wliatever emergencies may anse dunnC 
and after the major operative procedure 

Following the institution of the nutnent jejunostomj every effort 
IS directed at rehabilitating the patients entire physical economy 
He is gotten out of bed immediately and is urged to spend as much 
time as possible walking about Frequent studies are made of his 
metabolic status As guides m ev^uatmg the patients condition 
use the followang tests complete blood count hemoglobin and 
hematocrit serum protein albumin globulin ratio and total blood 
volume urinalysis blood urea nitrogen and carbon dioxide combin 
mg power and the electrocardiogram as an index of bis myocaidi^ 
status As soon as deficits m these spheres have been relieved rarey 
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a matter of more tlian ten days, the patient is considered to be ready 
for definitive surgery Seventy-two hours preoperatively penicillin 
therapy (15,000 to 20,000 U every tliree hours) parenterally and, 
unless contraindications e’cist, sulfadiazine by the enterostomy, are 
started Finally, it is very desirable that the esophagus above tlie ob- 
struction be as clean as possible and empty, even of saliva, when it is 
opened This is accomplished by Wangensteen suction, applied for 
twenty four to forty eight hours preoperatively if complete obstruction 
is present Where the obstruction is only partial, the Levin tube is 
passed the morning of operation, approximately two hours before the 
patient goes to the operating room 


Ol'ERATnT PnOCEDUBE 

Cyclopropane oxygen inhalabon anesthesia by means of an intra- 
tracheal tube IS used When the patient is asleep, intravenous drips 
to permit the continuous and, if need be, rapid administration of blood, 
are placed in each internal saphenous vein We never attempt such 
an operative procedure without having drawn and immediately ac- 
cessible a minimum of 5 units (2500 cc ) of compatible whole blood 
In addition, unless a blood bank is available, we require that three 
or four more known compatible donors be withm easy call We prefer 
the use of cannulas, tied in place, to needle venipunctures As a fur- 
ther safety factor, each drip has interposed at the cannula a three- 
way stopcock, to permit penodic clearmg of the cannula and the im 
mediately adjacent vein The pitient is then placed on his right side, 
with both arms extended, and strapped in position on the table with 
two long strips of 3 inch adhesive tape, one across his hips and the 
other over the left shoulder Sandbags in front and in back buttress 
him m this posihon 

Silk sutures are employed tliroughout the operative procedure, ex- 
cept as otherwise specifically indicated 

Following careful skin preparation and draping, the skin and pan- 
mculus are incised in a long sweeping curve When the lesion is m 
the terminal esophagus or at the cardia, this incision is made only 
slightly off the horizontal, from a point just lateral to the spine to the 
anterior axillary hnc When greater exposure within the thorax is de 
sired because of a lesion higher in the esophagus, the incision is curved 
more sharply, posteriorly, to follow the paravertebral line as high 
as the level of the fourth rib The skin edges ate protected with towels 
fastened with Michel clips Care is taken to secure the greatest pos- 
sible hemostasis with the least possible blood loss The muscles of 
me lateral and posterior chest wall are divaded individually and 
hemostasis is secured by individual control of transected vessels, 
tamer than by mass ligature In the longer incision referred to above 
partial division of the trapezius and rhomboid major permits easy 
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mobilization of the scapula, wiA subsequent free exposure of the e 
tire thorax We have found the optimum level for entry into the then 
to be through the bed of the resected eighth rib Infrequently tl 
seventh rib may be preferable One inch segments of the vertebr 
ends of the adjacent ribs above and below are also resected for mobi 
zation The anesthetist is given a word of warning to permit cushio 
mg of the collapse of the lung and the pleura is incised througho 
the entire length of the bed left by the resected rib The incision 
then opened widely with a mechanical retractor 

Any adhesions preventing collapse and retraction of the lung a 
divided and a rapid inspection of the mediastinum is carried oi 
The mediastinum is opened widely by incising the inferior pulmona 
ligament and the pleura is reflected off the underlying esophagi 
Tins structure is then freed from the adjacent pericardium and aor 
and mobilized for 2 to 3 inches above the lesion Care is taVen ‘ 
identify so far as possible, all blood vessels, and to divide them b 
tween clamps or ligatures Every effort is made to leave all immec 
ately contiguous lympli nodes, and as much of the surrounding areol 
tissue as possible, attached to the esophagus Almost invariably it 
necessary to include both vagi in this mobilization and in the sii' 
sequent resection About the mobilized segment of esophagus, t\’ 
or more tapes are passed to facilitate subsequent handling 

The diaphragm is now widely incised radially, from the hiat 
laterally to the costal margin, and the gastroesophageal juncture 
freely mobilized Bleeding from divided diaphragmatic vessels is co 
trolled With transfixion sutures in preference to more easily displaci 
ligatures The matter of whether or not to interrupt diaphragmaf 
movement is not altogether settled In the great majority of mstano 
a low phrenic nerve avulsion is done before the diaphragm is opene 
Occasionally however, we have felt that the elderly patients pos 
operative cardiorespiratory function will be better served with i 
active diaphragm In that case diaphragmatic motion is control^ 
for the duration of the operation by injecting the phrenic nerve vvii 
2 per cent procaine solution 

It IS now possible to survey both visually and mTnually the entii 
upper abdomen as well as the thorax Where the lesion arises m tl 
cardia of the stomach the amount of that organ to be removed 
determined, allowing a wide margin below the malignant growth A 
estimate is made also of the amount of stomach which must be m< 
bilized to bridge the gap resultmg from the resecUon, and to provic 
enough slack, so that in the subsequent anastomosis there will be r 
tension whatever on the suture Ime, even if the diaphragm is pe 
— ‘ » — . « -nportant in 1 

racted stoma< 
astrostomy, a 
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eventuality which must be determined before extensive alterations in 
the gastric circulation are instituted 
The feasibility of tlie proposed anastomosis hiving been demon- 
strated, the stomach is mobilized Following the greater curvature 
and the posterior wall, the short gastnc vessels and the left gastro- 
epiploic vessels are divided between transfixion sutures Thus the 
spleen is detached from llie stomach and can be displaced into the 
abdomen, out of the wa^ This dissection can be continued down tlie 
gastrocolic ligament almost to the pylorus, to the point of anastomosis 
between the right and left gastroepiploic vessels Or it can be limited 
to anj desired fraction of this distance, depending upon the length 
of stomich needed Returning to the cardne area on the lesser curva 
ture, the left gastnc artery is divided between transfixion sutures and, 
by the procedure just outlined, the lesser cunature is similar!) mo 
biUzed At the same time the gastrohepatic ligament is largel) excised 
together with all regional lymph nodes Tlie importance of removal 
cf lymph nodes cannot be overemphasized Excision of every acces- 
sible regional node is indispensable for cure of the patient 
The cancer bearing portion of the canal is now excised, together 
with a wide margin of normal tissue on either side If the tumor is 
gastric, the stomach is divided between Payr clamps well below the 
distal limits of the tumor Where the tumor is well up in the esoph 
agus, transection is carried out between long Kocher clamps at the 
esophagogastric juncture In either instance the entire area is blocked 
out witla moist pads, to minimize the risk of contamination The in- 
ferioi stump is closed over the clamp with a continuous inverting 
right angle suture of No 0 or No 1 chromic catgut on a swedged 
needle, remforced by a row of Halstead mattress sutures of medium 
silk (No 000) The proximal stump having been occluded either with 
a simple tie or by a suture, the clamp is removed, the end of the tube 
IS occluded with rubber protective securely tied, and the tube is tem- 
porarily displaced upward out of the immediate operative field 
The mobilized stomach is now delivered into the thorax for a dis 
tance sufficient to meet the following requirements In the first place 
the superior point of division of the esophagus, and consequently 
the level of anastomosis, must be well above the farthest extent of 
the tumoi Frequently, we have asked the pathologist for an imme 
diate frozen section of the proximal end of the resected segment, to 
make certain that no tumor has been left intramnrall) in the esoph- 
ageal stump Secondly, there must he absolutely no tension on the 
anostomotic suture hne In fact, those portions of the esophagus and 
stomach immediately adjacent to the anastomosis should be quite 
s-nck Finall), there must be a sufficient length of stomach m the 
thorax so that subsequent closure of the diaphragm will not drag on 
the anastomosis These criteria having been met, the stomach is tern 
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poranly anchored with interrupted sutures of medium silk to the 
periosteum of adjacent ribs The anesthetist now applies positive sue 
tion to the indwelling Levin tube to make certain that the lumen of 
the esophagus is empty The arek is blocked out with fresh moist pads 
and the esophagogastric anastomosis is carried out by the foUowmg 
technic 

An area on the anterior surface of the stomach is chosen as the 
site of anastomosis and the esophagus is united to the stomach at 
the predetermined level by means of two guide sutures of medium 
silk placed at each lateral extremity of the esophagus By this maneu 
ver the length of the incision into the stomach can be made approxi 
mately equal to the diameter of the esophagus The posterior half of 
the esophagus between the guide sutures is then united to the stomach 
by a layer of interrupted sutuies of medium silk which penetrate the 
submucosfl of both structures (Fig 467 I) This is the posterior outer 
layer The stomach is novv incised as previously planned the sub 
mucosal vessels being ligated before the mucosa is opened The esoph 
agus IS now divided (Fig 467 2) When the mucosa of the esophagus 
tends to retract as not infrequently happens two or three temporary 
sutures anchoring fhis layer to the submucosa are helpful in prevent 
mg such retraction The free posterior hps of the incision m the 
stomach and of the esophageal stump are then united by a layer of 
interrupted sutures of silk passmg through all coats of each organ 
care being exercised to accomplish an accurate coaptation of the bvo 
mucosal edges (Fig 467 3) This is the inner posterior layer At this 
point the Levin tube is threaded into the stomach beyond the anas 
tomosis The anterior hps of the anastomosis are now approximated 
with a row of interrupted Lembert sutures passmg through the entire 
wall of each organ— the inner anterior layer (Fig 467 4)— and the 
anastomosis is completed with an outer anterior layer of interrupted 
sutures which mclude the submucosal coats (Fig 467 5) As an 
alternative technic we occasionally use for the entire inner through 
and through suture hne a continuous right angle suture of catgut 
locked at intervals to interrupted sutures of silk When possible a 
piece of omentum is brought up and lacked over the suture hne to 
reinforce it The temporary anchor sutures m the stomach are removed 
and the anastomosis is affowed to seek its own level The statnsch is 
then securely anchored to the periosteum of adjacent nbs and inter 
vertebril disks m such fashion as to provide slack about the anas 
tomosis (Fig 468) When possible it is highly desirable to anchor 
the esophagus m similar fashion to adjacent intervertebral disks m 
order to provide further insurance against tension on the suture 1 n® 
(Fig 468) 

The diaphragm is closed by attaching it to the gastric wall ^ 
numerous interrupted sutures (Fig 468) These should be piacefl 
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Fig 467— i, The esophagus has been resected between clamps, the proxirrtal 
one of which has been left in place A row of I*embert sutures of silk which pene- 
trate the submucosa unite the stomach and the esophagus 

2, An incision has been made into the fundus of the stomach and the esophagus 
divided just proximal to the damp 

3, Interrupted sutures of silk unite the stomach and the esophagus postenorlj 
This is the second row of posterior sutures and it involves the whole thickness of 
the cut edges 

4, The first row of anterior sutures consists of Lembert sutures of silk and involve 
the whole tluckness of the stomach and esophageal wall 

5, A row of Lembert sutures of silk complete tlie anastomosis They involve the 
submucosa of both organs 
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well down on the stomach to avoid subsequent drag on this organ 
by the diaphragm The remaining fret edges of the diaphragmatic 
incision are approximated with figure of 8 sutures of double mtdium 
silk care being taken to avoid constriction of the stomach by the new 
hiatus Two Pezzer catheters (No 16 F ) are threaded through in 
tercostal stab wounds one antenorly and one posteriorly and the 
chest wall incision is closed tightly Tlie ribs are approximated wth 
four pencostal sutures of braided silk the nb bed is closed with 
figure of 8 sutures of double medium silk the chest wall musculature 
IS reipproximated anatomically in layers with figure of 8 sutures and 
the skin is closed with interrupted sutures of fine silk 



Fig 488— The anasComo»i» I as been completed The united organs , 

allowed to retract to a level at »h ch there is no tension and ha\e been anc 
at that font by sutures of slfc The diaphragm his been sutured we o 
, the stomach so as to avo d a drag on the 1 ne of anastomosis 

With the intercostal catheters 02 >en the anesthetist reinflatc* Ac 
left lung under positive pressure following which the cathe 
clamped off and kept that way until the patient reaches his bed w 
they are attached to floor bottles with an underw ater seal If the rig ^ 
parietal pleura has been inadvertently opened as frequently 
it IS imperative that the resiilbng pneumothorax be evacuate 
the right lung completely re expanded For this purpose ® 
thoracentesis is done and the air aspirated while the anesthehs g 
applies positive pressure It is most important under such ci 
stances that the intratracheal tube should not be removed 
surgeon is satisfied that both lungs are fully expanded App ‘ 
of positive pressure without the mtratracheal tube m place 



ESOPKACOGACTnoSTOM\ 


1135 


the nsk of inflating the stomach \Mth resultant strain on the fresh 
anastomosis 

A considerable amount of experimental m\estigation x\as earned 
out on the technic of the esophagogastrostom> by Carter, Stexenson 
and Abbott in 1941 Tliese mxestigators performed esophagogastros- 
tomies on fifty two dogs and concluded that the above type of anas- 
tomosis was far supenor to that in which the end of the esophagus 
was implanted into the stomach (Fig 469), as had been advocated 
b> Mejer,® Bircher,’ Fischer‘‘ and Bengolea ’ When the latter type 
of anastomosis was used, stricture resulted in every instance owing 
to the fact that the edges of the stump of the esophagus which pro 
truded into the stomach healed together rather thin slougliing avva> 
This complication had occurred, not only in eKpenmental animals but 
also in two instances m which the implant type of anastomosis had 



Pig 469 —Tlie implant type of anisiomosis Tlie open end of the esophagus is 
introduced into the stomach The first row of Lembert sutures of sib. is sho\vn m 
B and it has been imerted beneath a second row of similar sutures m C 


been performed in human cases*® Carter and his associates ' also 
found that the use of anchoring sutures m the stomach and tn the 
esophagus in order to relieve tension on the suture hnc is a most im- 
portant technical step in the performance of an csophagogaitrostomy 
\Vhen no such sutures were used the instance of perforation at the 
hne of anastomosis was 89 per cent, when the stomach alone was an- 
chored the instance of perforation was 29 per cent, but when both 
stomach and esophagus were anchored it was 0 per cent 

rOSTOPERATIV E CARE 

Continuous suction (Wangensteen) without imgatioii js applied 
to the gastric tube as soon as the patient returns to his room, and 
IS maintained, barring contraindications, through the sixth post- 
operative day Water or 5 per cent glucose in physiological saline 
solution IS administered by the jejunostomy on the day following 
operation, and the Scott-Ivy mixture, augmented with aminoids and 
vitamins, is resumed on the second day postopentively Penicillin and 
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sulfadiazine are continued uninterruptedly postoperativ ely until the 
need for them is deemed past Usually, one of the saphenous dnps is 
left m place for t^velve to twenty four hours after operation m order 
that whole blood, plasma or electrolyte solution may be given as 
mdicated 

Whether or not ov^^en sliould be administered is determined for 
the individual patient by the surgeon and anesthetist jointly The 
criteria used m making this decision are the presence or absence of 
cyanosis or pallor, abihty to maintain a clear airway, tlie slate of the 
blood pressure (including pulse pressure), and the quality, rate and 
rhythm of the pulse Aberrations in any of the foregoing are mdica 
tions for the use of oxygen On the other hand, the use of supple 
mentary oxygen may lead to a slowing m the rate and reduction m 
the depth of respiration sufficient to induce or aggravate the serious 
menace of atelectasis In elderly patients m particular, atelectasis is 
a frequent and dangerous complication Every’ precaution is taken to 
prevent it, to detect its development and to relieve it The routine use 
of oxygen therapy is avoided The patient is placed in mid Fowler’s 
position as soon as he has fully reacted from the operation and is 
turned from side to side hourly for the first forty eight hours post 
operatively Even thereafter he is not allowed to remain in any one 
position for any extended period of time He is urged to breathe 
deeply and to cough at frequent intervals, and occasionally inhala 
tions of carbon dioxide oxygen mutures arc used at intervals to stunu 
late deep breathing Particularly in the immediate postoperative hours 
and as long thereafter as is necessary the trachea is aspirated at fre- 
quent intervals, transnasally, with mechanical suction To facilitate 
the evacuation of tracheobronchial secrebons we have found the re 
peated use of aromatic steam inhalations very helpful and, when mdi 
cated, bronchoscopy with direct aspiration of each bronchus is done 

Roentgenography on the evenmg of the day of operation, using a 
portable x ray machine, is in our opinion a wise precaution It is 
especially desirable m those instances in which the right pleural space 
has been opened Any residual pneumothorax may be detected and 
promptly evacuated, and any accumulahon of fluid is aspirated dry 
immediately upon detection If, in the subsequent period, there is a 
tendency for fluid to recur on the right side, we believe it wise to 
institute a closed thoracostomy Finally, while the opbnial time at 
which to get the patient out of bed is still somewhat controversial 
we prefer, subject to modification by the individual paUent’s recupera 
live powers, early ambulation (fifth to seventh day) whenever 
possible 

Due attention is paid to the patient’s cardiovascular renal status 
We prefer to have at least one electrocardiographic tracing penodic 
blood urea nitrogen determmabons, and a daily urinalysis in the pou 
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operative period Blood cell counts, hemoglobin determmation and 
hematocrit readings are obtained every day during the first week 
postoperativelj, and indicated therapy is promptl) earned out 

On the seventh postoperative day the patient is given 1 ounce of 
water hy mouth hourly, walh the gastric suction tuhe open Chest 
pain temperature and pulse nse failure of the water to return tlirough 
the gastric tube or tlie appearance of the water in the thoracostomy 
tubes are all strongly suggestive of a leak in the anastomosis Should 
such unpleasant signs develop, the oral feedmgs are discontinued for 
three or four dajs If, however all is well at the end of twenty four 
hours the gastnc tube is clamped off but left in place, and the hourlv 
ounce of water by mouth continued At the end of another twenty 
four hours the tube is removed and during the next week the patient 
IS advanced as rapidly as possible through a gastrectomy diet Simul 
taneously, tlie je]unostom> feedings are progressively discontmued 
and the jejunostomy tube removed by simply pulhng it out The 
wound heals spontaneously within three days to a week Provided 
there is no drainage the thoracostomy tubes are removed on the ninth 
or tenth day Before the patient leaves the hospital we have found 
It instructive to have an \ ra> visualization of the upper gastro 
intesbnal tract with thm barium 


REPORT OF A CASE 


The following is tlie case report of a patient recently seen, lUus 
trabng a specific application of the foregomg discussion 


Case 45-9035 JH -Ntr J a patient of Dr Nathan kursban was a 69 >ear 
old while farmer who was admitted to the hospital on December 19 1943 be- 
cause of inability to swallow e>en liqiuds The patients troubles with regurgita 
tion of ingested food VNere of six to seven years duraUon and had been asenbed 
to a diaphragmatic hiatus hernia for which be had refused to be operated upon 
During the year preceding I ospitalization however swallowing had grown pro- 
gressively more diiBcult and on the day before admission to the hospital he was 
unable to swallow even water The paUent weighed 137 pounds and was said by 
h s family to have lost “a considerable amount of weight m the preceding year 
Physical examination contributed bttle of significance The pabent earned his 
years well There was evident recent weight loss of moderate degree The lungs were 
moderately emphysematous but otherwise clear The heart was not remarkable 
There was no evidence of palpable metastases m the penpheral lymph nodes or 
m the 1 ver Blood pressure was 194/84 pulse 90 and regular Temperature 99* F 
Lalxiratory studies hemoglobin 6 8 gm red blood cells 4 200 000 white blood 
cells 6 800 differential normal hut w.U, , 



Roentgenographic vasualizabon of the upper gastrointestinal tract with a barmm 

^ midpoint The upper end is cone shaned 

the constneted porbon fairly regular and smooth The stomach and duodenum 
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ire III jiornul position -ind -^e o! nonnal size ind shape except fc-i same spasm 
ind m appaientlv mCfinstanl tnegulonty of tKc duodenal bulb ' On December 22 
1945 ewiph igo^copj was petfnimed under pontocame topical anestbesw and at a 
tlistjiKL ot 53 inches from the inciMir teedi in obstruction was encountered in the 
form of 1 fling itmg ulcented npt«)*M. Herding mass from which sections were 
removed for hiops> These wire reported by the pithologist as epidermoid car 
emom j of the esoph igus On December 20 1915 a nutnent jejunostomy was es- 
tablished Examination of the lis ex ind upper nbdonten faded tn rexesl any esidence 
of mefasta'.es in this vicmitj 

After adequitc preparatum the prtirat w is explored tnnsthoracicdlly on January 
5 5916 and the obstructing lesion ideRtifitd Tlsere was no evidence of lymphatic 
mvohtment svithm the thorax The patient had the previousty desenbed hiatus 
hemu together with •» congenitally short eso{4>agiis so thxt the sfomadi extended 
into the chest for a djHmce nf about 2 inches The aforemenUemed censtmting 
miss in the esiphagua Ity abnut 1 inrh above the esophagogastric juncture thus 
placing It riwtghjy 2 inches behw the mfenor border of the aortic arch The phrenic 
nerve was anesthctizctl wth 3 cc of 2 per cent protame tirwitobilizing the diaph- 
ragm which was then opened widely A suney of the upper abdomen coniiniied 
the findings *t the time the jejunostomy was established Utilizing the technic 
dexenhed heretofore stomach was mobilized xnd the gastiohepatic ligament 
excised The cincer beirmg portion of the esophagus was resected and on esoph 
agogjstrostomy c-imecl ov\t )usi lielow the arch of the aorta 
c exceedingly well lie had i rectal (emperatuK 

ioi« p ^ L poslopeiatively following which it dropped to 100' to 

JOl F with a commensiirate pulse On live nintli postoperative diy the pxtient 
was giv en water by mouth 1 ounce hourly but after the second ounce of 'vater 
he experienced a pun radiating across his left chest followed shortly b> a chill 
a temper iture nse to 104 ' F Oral feedings were iscontinu^ immediately 
there was considerable ipicstion i% to the cause of tlis episode Among otlwr 
8*'”’ ‘hat ilie patient had been receiving 

penicillin tor nine days This was discontmiied and his tempexsture gradually sub- 
sided to normal M ates by mouth \vi« again started cm the fifteenth poxtoperati'e 
cay and was continued without untoward incident The nas-vl tube was removed 
j ^ “v^teeth day and oral feedings advanced while jejunostomy feedings were 
gradually discontinued The patient wis gotten out of bed on the seventeenth post 
operative and the jejunoslomy tube was removed on the twenty third post 
operative day He vvis discharged on the tvneniy fifth postoperative day \isiwh 
zation or tile reconstructed esopbigus with i banum meal just poor to discharge 
revealed a completely patent esopliagogastrostomy 

the puient lias been seen repeatedly since dvschirffe ind on the last occasion 
prior to this report which was four months posfoperatively was doing very well 
e ad gained ZO pounds m weight wis eating everything without difficulty and 
ad regained his strength sufficiently to dnve l\» own car for a distance of 50 
miles from his home to the cbmc 
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THE SURGICAL TREATMENT OF BLEEDING PEPTIC ULCER 


M M ZiNNiNCER, M D , F A C S * 

Tiie surgical treatment of bleeding peptic ulcer is far from stand 
aidized and marked differences of opinion exist as to the best method 
of treating this complication In general, it is agreed by surgeons that 
a patient with an ulcer which has caused severe, recurrent hemorrhage 
should be treated by operation in an interval after bleeding has ceased 
and the patient has recovered from the effects of loss of blood This 
IS particularly indicated when other symptoms of ulcer are present 
such as pain or vomiting Ideally, die operation in such cases consists 
of excision of the ulcer with partial gastrectomy ® While such a pro 
cedure does not remove permanently all possibihty of future bleed 
mg it does reduce both die likelihood of its occurrence and its serious 
ness if it does occur That operation should be performed m such cases 
IS indicated by the well established fact that the mortality from bleed 
ing ulcer increases with repeated hemorrlnges and wiA the age of 
the patient 

Regarding surgical intervention during the bleeding episode there 
IS considerable disagreement In spite of reduction m mortabty jn 
recent years as a result of improvement in conservative or noo 
operative treatment it is well Imovm that some patients still bleed 
to death from theu- ulcers and the question naturally arises as to 
whether some of these deaths could not have been prevented by an 
operation consisting of ligation of the vessel or vessels or resection 
of the ulcer during the episode of bleeding It has been clearly estab 
lished that this can be done in some cases m which the surgeon has 
been willing to operate on an almost exsanguinated patient It seems 
almost equally ob\ious tliat, if this method were used in a large per 
centage of all cases with bleeding, a fair number of the patients would 
succumb to the operative procedure As a matter of fact, it is generally 
stated that the mortabty rate is higher with operative tlian with non 
operati\e treatment It must be recalled however, that the statistics 
quoted m support of such a statement usually will not stand critical 
analysis for they often represent the operative mortality of patients 
who have failed to respond to nonopentive treatm ent and are 
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Operated upon as a last resort They cannot in fairness be compared 
with the whole group of nonoperated patients It is interesting to note 
that those who most vigorously oppose operative treatment are often 
those who have given it inadequate trial 
If It were possible to predict with any degree of certainty at the 
beginning of an episode of bleeding which patients would cease 
bleeding and recover, and which would bleed until death ensued, 
It would then be possible to operate only on tlic latter group, early 
in the course of bleeding, witli the confident expectation that m some 
of tliem the bleeding could be slopped and tlie life of tlie patient 
saved Unfortunatel> it is not possible at the present time to be sure 
what the outcome of an episode of bleeding will be, and therefore 
it becomes necessary to arrive at tlie best estimate possible on the 
basis of certain information plus past experience with other cases 

DIAC^OSlb 

When one speahs of bleeding from ulcer, tliere is generally implied 
i hemorrhage of some magnitude, sufficient to cause ratlier striking 
clinical symptoms These symptoms and signs vary somewhat depend 
mg on tlie amount and rapidity of blood loss, but m general consist 
of a feeling of weakness, dizziness or faintness, with rapid, weak pulse 
ind often otlier signs of shock There may be nausea with vomitmg 
of bright red blood, or blood tinged fluid, the amount of which is 
usually overestimated by the patient or the patient's family Often, 
also, ^ere is urgency of defecation which occurs at about the same 
time as the vomiting Not infrequently the patient may actually faint 
dunng or following the attack of bleeding The stools may be tarry 
for a period of days thereafter, while in very rare instances recog 
nizable red blood may pass m the stools dunng the bleeding episode 
Symptoms such as those )usl described, occurring in a patient with 
known gastnc or duodenal ulcer, arc sufficient to justify the assump 
tion that the bleeding is coming from the ulcer In a general hospital 
practice, however, m which patients present themselves with such 
signs of internal hemorrhage but without any record or history of 
fheir precedug physical status, the question of the origin or site of the 
bleeding may present a major diagnostic problem Often the patient 
IS too ill for careful history taking or complete and thorough exami 
nation 

The most frequent cause of serious bleeding into the upper gastro 
entenc tract which may be confused with bleeding pepbc ulcer is 
undoubtedly rupture of esophageal varices which are secondary to 
ciJThosis of the luer or portal hypertension Other common causes are 
amuse gastnUs with oozrag from the mucosa, bleeding carcinoma or 
acnipi tumor, hemorrhagic disease, and aneurysm eroding into the 
esophagus or duodenum 
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When a patient is seen with vomibng of blood and the signs and 
symptoms of bleeding into the upper gastroenteric tract such as have 
)ust been descnbed, but about whom no previous history is available 
these possible causes should be considered and an attempt made to 
estabhsh the true diagnosis One mi^t try first to ehcit a history from 
the patient or his family of the known presence of an ulcer, or a story 
suggestive of ulcer If this is negative, the next attempt probably 
would be to look for evidence of cirrhosis of the liver such as mild 
jaundice, spider angiomas, enlarged liver and spleen, dilated ab- 
dommal veins and the like In addition to routine blood studies, deter 
mmations of the prothrombin time and blood urea nitrogen should be 
made If the patient is m shock, a transfusion of whole blood should 
be given slowly Further studies may^then be indicated These might 
include fluoroscopy to determine the presence of an aortic aneurysm 
an attempt to demonstrate esophageal varices by the Valsalva technic 
and study of the stomach and duodenum by the Hampton technic* 
Although one does not elect to make these studies with a very ill 
patient, one should not hesitate if the need for differential diagnosis 
seems to be sufficiently important We have never seen harm come 
from a carefully performed examination of this sort, while on several 
occasions bleeding has ceased after barium study, and for this reason 
we do not regard the examination as ha 2 ardous Many times an ulcer 
which has only been suspected, has been demonstrated by banum 
study, though at tunes incorrect information has been reported Fail 
lire of correct findings is inherent in the procedure, which is Iimiteo 
m Its application but if these limitations are appreciated it may at 
times prove very helpful The most frequent sources of error have 
been reporbng the presence of duodenal ulcer when one did not eust, 
and failure to demonstrate i gastric ulcer which was subsequently 
proved to be present 

CBITERIA FOR Ol'ERATIOV 

If ulcer IS shown to be present as a result of these studies, or if 
It is known to be present as a result of previous knowledge of the 
patient, it is my behef that the question of prompt operation should 
now be considered The deasion for or against operation needs to be 
carefully judged in each individual case If the bleedmg is moderate 
and if It apparently ceases promptly, the patient is watched and 
treated by nonoperative measures However, if the bleeding is mas 
sive, if it apparently continues or recurs shortly after havmg once 
stopped, and particularly if flie patient is in the older age group (l e 
60 years of age or older) operation should be performed after ade- 
quate blood transfusion 

Before considenng in detail the criteria we use for detenmnmg 
whetlier operation should be performed, it would be well to review 
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some of the important pathologic aspects of bleeding ulcer Perhaps 
the most frequent site for bleeding ulcer is the posterior wall of the 
, first porhon of the duodenum, the ulcer having eroded one of the 
branches of the pancreaticodu^enal artery If the gross specimen is 
examined, there is usually found a segment of artery exposed with 
an openmg in its side which is partly or completely plugged with a 
clot of blood (Fig 470) The artery has a sclerohc wall and is held 
firmly m the scar tissue m the base of the ulcer At times the artery, 
especially if it be small, is completely divided and the two ends can 
be seen each bloched at least in part by blood clot ^Vhelher the artery 
IS completely or incompletely divided, it is still impossible for retrac 
tion to occur because of tlie fixation of the vessel or vessels in scar 
tissue so that one of natures most efficient mechanisms for stopping 
bleeding from an open artery cannot function that is, retraction of 



Fig 470 —Ulcer of stomach with erosion in side of artery plugged with clot 
Autopsy specimen 

the artery xvith contraction of the open end The only way for bleed 
mg to cease is for the blood pressure to drop and the opening in the 
artery to be plugged by clot Recurrence of bleeding may develop 
when die clot is digested or liquefied The ulcer may of course he in 
the stomach or in the superior or antenor wall of the duodenum 
In my experience ulcer of the stomach which bleeds xvill frequently 
prove to be a carcinomatous ulcer Ulcers on the anterior wall of the 
duodenum seldom are the site of fatal bleeding A number of patients 
on whom I have operated during a free interval after two or more 
previous massive hemorrhages have had an ulcer or scar of an ulcer 
m this locahon often almost completely healed at the time of opera 
tion Unfortunately one cannot tell from the roentgenologic appear 
ance of a duodenal ulcer whether it is on the antenor or postenor 
wall so that the fact that ulcer of the anterior wall is less likely to 
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2 Patients with duodenal ulcer who have previously been operated 
upon, and who now experience serious hemorrhage several years later 
In most instances the bleeding will be from a gastrojejunal ulcer 
Unless bleedmg continues unchecked, conservative treatment would 
seem to be the method of choice in this group, as the operation is 
likely to be complicated and it is unbkely that it could be performed 
quickly or safely However, if bleeding persists, even in this group 
operation may be necessary 

3 Patients who are admitted without any information available 
as to previous ulcer, and in whom the source of bleeding is not known 
Here caution is necessary and studies to determine the source of 
bleedmg should be instituted If chronic penetrating ulcer can be 
demonstrated, I believe prompt operation is mdicated 

4 Pabents with bleeding m addibon to some other compbeabon 
such as perforation or obstruebon should be operated upon promptly 
The mortality in this group is high, but some patients can be saved 
by operation 

5 Repeated severe hemorrhages rccuirmg m any of the above 
groups may make operation advisable, unless a definite diagnosis can 
be made that the bleedmg comes from some condibon other than 
ulcer Failure to prove the existence of ulcer is not a contraindicabon 
to operation The danger to life with repeated hemorrhage is greater 
than the risk of exploratory laparotomy 

The type of operabve procedure will vary with the individual case 
though excision of the ulcer with partial gastrectomy is the method 
of choice, if the condition of the pabent permits a procedure of this 
magnitude With gastric ulcer, ligabon of the vessels around the ulcer 
from outside the stomach, may be sufficient I have used this method 
successfully in two cribcally ill pabents With duodenal ulcer, hga 
tions outside the bowel wall alone are insufficient, because of the in 
tricate anastomoses and the inability to reach the vessels entering 
posteriorly from the pancreas Successful conbol of hemorrhage m 
such cases may be obtained by opening the anterior wall of the duc^ 
denum and placmg a deep suture of catgut throu^ the ulcer bed 
around the bleeding point, followed by closure of the duodenum or 
resection Bleeding from diverticula and from benign or malignant 
tumors usually requires resection of these lesions In duodenal ulcer, 
in which exposure is exceedingly difficult or hazardous, an operation 
of the Devme exclusion type has been suggested, but I have had no 
personal experience with this method and cannot recommend it 

In general the method of management I have used is as follows 
The pabent is brought to the operating room with a bansfusion ot 
blood runnmg A tube is placed m the stomach so that fresh bleeding 
can be detected by suction on the tube Cyclopropane and 
with or without ether by intratracheal tube is the anesthebc of choice 
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An upper transverse abdominal incision is made. Inspection and pal- 
pation will usually show the location and nature of tlie lesion. If it 
IS in the stomach, and there is no fresh bleeding as evidenced by 
blood from the tube in the stomach, a gastrectomy according to the 
usual technic can be carried out (Fig. 472). If the lesion is in tlie 
duodenum it is usually wise to open tlie duodenum and make sure 
that there is no active bleeding. If there is, it can usually be con- 
trolled by pressure on the bleeding point witli a sponge on a clamp, 
by direct pressure with the finger, or by passing a deep suture. In 
most instances after the bleeding has been stopped, \vith the trans- 
fusion running, the condition of the patient improves and resection 



Fig 472— Drawing of specimen after resection Gastric ulcer wth eroded %essel 

can be carried out, the patient leaving the operating room even after 
several hours of operation in better condition than when he arrived. 
On the other hand, if the patient is not doing well, or is not improv- 
ing, the duodenum is closed as soon as the bleeding is controlled and 
the operation is terminated as quickly as possible. 

If resection is done, the base of the ulcer may have to be left in 
situ as a granulating wound, the duodenum being remov'ed distal 
as w^ as proximal to it (Fig. 473). Closure of the duodenal stump 
may be rather difficult in such cases. If the posterior wall can be 
mobilized the usual closure can be used. The method I prefer is to 
cl^p the bowel with a Kocher clamp, divide it with tlie cautery and 
obtain inversion of the crushed end with a continuous right angle 
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suture of No 00 chromic catgut in two layers If the posterior walj 
cannot be mobilized this may be impossible In such instances the 
anterior wall should be freed as much as possible, after which a right 
angle continuous suture can be placed, using the scarred fibrotic pan 
creas for the posterior line This usually leads to incomplete inversion 
and needs a row of mattress sutures of silk, between the antenor 
duodenal wall and the scarred fibrous pancreas to secure adequate 
closure It is important that a few carefully placed sutures be used 
rather than many poorly placed ones as a multiplicity of sutures may 
impair tlie circulation and lead to leakage After closure of the duo- 



Fig 473 -Bleeding duodenal uher Partial gastrectomy leaving base of ulcef 
pancreas 

denal stump, resection of the stomach can be earned out in the usual 
fashion If it has been necessary to leave the base of the ulcer in situ, 
several soft cigarette drams are placed down to it and the abdomen 
IS closed with tlirough and through wire sutures ® 

If the lesion is m the stomaA and bleeding is continuing, one may 
either ligate the vessels on the outside of the stomach or open me 
stomach and Lgate die bleedmg point from within and 
with resection I have had no experience with the latter method n 
doubt that with it it would be very easy to accomplish satisfactory 
control of the bleedmg 
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In case laparotomy is done when neither ulcer nor tumor is pres- 
ent, the surgeon may be in doubt as to how to proceed The first 
thing to do IS to feel for any abnormalities If none are found, the 
bowel should be carefully inspected to determine the highest level at 
which blood can be seen in the lumen through the waU as evidenced 
by a purphsh blue appearance If this is not helpful in locating the 
lesion, tlie stomach may be opened to see if tliere is blood m its lumen 
and to inspect and palpate its mucosa as well as that of the first 
portion of tlie duodenum Tliere may be found diffuse oozing from 
the gastric mucosa, evidence of an acute gastritis In such an instance 
closure of the stomach and abdomen should probably be done al- 
though some surgeons ha\e recommended parbal gastrectomy for this 
condition In most instances in which nothing abnormal can be felt 
from outside the stomach or duodenum, it is unlikely that much 
valuable additional information will be obtained from opening the 
stomach On two such occasions I have closed the abdomen without 
exploratory incision into the stomach Both patients ceased bleeding 
One remained well but the other subsequently had another hemor- 
rhage and died At autopsv the site of bleeding could not be demon 
strated 


CASE REPORTS 


Brief histones of a few cases of bleeding which I have seen dunng 
the past five years will sers e to emphasize some of the points 

Case I —A white woman, 62 )ears of age, was admitted to the hospital for 
roentgenologic study of presumed ulcer of the duodenum Tlie x ray examination 
showed a deep chronic ulcer of the duodenum Twelve hours later she suddenly 
had a massue gastric hemorrhage She was seen by a surgeon in consultation and, 
since the bleeding had stopped he recommended transfusion and watching About 
hventy hours later she began bleeding again I Avas asked to see her at this time 
but found her pulseless when I reached the hospital She died twenty minutes 
later Poslmoitem examination showed a chronic duodenal ulcer penetrating into 
the head of the pancreas w^th erosion of the pancreaticoduodenal artery 


Case II —A white man, 65 years of age, was admitted to the hospital for pam 
in the abdomen and >omiting X ray showed gastnc retenbon and ulcer of the 
duodenum He rvas treated by Sippy diet willi gastnc drainage twice daily Be- 
cause of only moderate improsement operabon was decided upon and was 
scheduled for the followng week Three days before the date set for operation 
he suddenly had a massue hemorrhage Fainting and shock developed A trans 
fusion was gi\en About four hours later he bled agam and it was thought that he 
probably would bleed to death However, the bleeding ceased again and opera- 
bon was done several hours later as an emergency procedure He was a large 
man weighing nearly 200 pounds and exposure was difficult A huge ulcer crater 
found m the head of the pancreas There was apparenUy no bleeding when 
T' duodenum was incised and 

Uie lumen \vas found to be filled with blood clot As this clot was pulled out there 

f T f --“topper^ 

pressure first mth the finger, then svith a nng forceps While the forceps ssas 
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iield m place two deep sutures of No 0 cliromic catgut were placed in the pan 
creas one above and tlie other below the bleeding point When these were tied 
the bleeding was controlled Resection was then done The duodenal stump was 
difficult to close but was fairly well secured Drams were placed to the baae of 
the ulcer which was left in situ and the abdommal wound was closed with silver 

patient developed a little duodenal leakage and a pancreatic fistula both 
of which healed spontaneously He left the hospital apparently well about one 
month later 

Case III -A white woman 68 years of age was admitted to the hospital be- 
cause of repeated gastnc liemorrhage She was under treatment for duodenal ulcer 
She had had two operations about twenty five years before, the exact 
which was not certain but one was said to have been a pyloroplasty lor duodenal 
ulcer Her last x ray had been made about sK montlis before and showed de 
formity of the duodenum Because of continued bleeding she was operated upon 
as soon as shock was controlled by transfusion A firm lesion was f^^“ we pre- 
pylonc region together with the scar of a healed duodenal ulcer The gastnc lesion 
was thought to be a carcinomatous ulcer and resection was done As the dissec- 
tion was earned upwards on the stomach a patent gastroenterostomy stoma wa 
found The stomach was amputated just distal to the stoma and the cut end close 
Unfortunately the patient developed severe gastnc bleeding about 
four hours after operation and bled almost continuously for twenty 



Case IV -A white man 57 years of age was admitted to the Hospital wj* 
masstvo hematemesis lie was m severe shock Transfusion was given ana nu 
dition improved History and general physical examination were 
tie of any particular lesion A senes of severe hematemeses j 

next few days Barmm studies of the esophagus stomach and duodenum 
made Fluoroscopic examination of the chest showed some widening of the a 
shadow There was apparently a Lttle distortion or spasm of the esopna^ 
mg abnormal was seen in the stomach or duodenum In spite of repeated m 
hemorrhages there was no elevation of the blood urea nitrogen , 

Because of the recurrent severe bleeding exploratory laparotomy was ^ 
the resident surgeon No ulcer tumor or other abnormahty was seen or e 
stomach was opened and found lo contam only a httlc blood tinged nui 
abdomen was closed About thirty hours later the patient had a very 
atemesis and died m shock shortly thereafter Autopsy showed ® , ®}’^i,lood 

of the thoracic aorta which bad perforated into the esophagus 
was found in the stomach or mtestme Apparently most of the blood ni 
vomited up and this fact accounted for the failure of the blood urea 
nse This probably should have led to the conclusion that the bleeding gp. 

to the stomach It is important to note that that the exploratory laparo o 
patently did not contnbutc to the fatal outcome 
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THE TREATMENT OF PENETRATING WOUNDS OF THE 
ABDOIIEN IN CIVILUN PRACTICE 


\V A Altcnieieb MD FACS* 

Penetrating wounds of tile abdomen have always been associated 
with a \ ery high mortality m both military and civilian surgical prac 
tice In the wars prior to the Second World War including the 
Civil Spanish American Boer ind Russo Japanese Wars the pub 
lished mortality rates in collected senes varied between 60 and 90 
per cent and in World War 1 it was ^ to 80 per cent ' ’ In the early 
part of World War 11 it remained high being approximately 50 per 
cent in Gordon Taylors senes* and 47 5 per cent in Ogilvies® The 
reports collected from civilian practice between 1899 and 1945 show 
a similar high mortality varying between SO and 80 5 per cent'®" 

It must be remembered that the usual treatment of these cases dur 
ing the Boer and previous wars and even during the early part of the 
first World \\ ar consisted of nonoperative management vvath starva 
tion and large doses of morphine and the ma)onty of casualties who 
were operated upon died However reports from civilian surgeons 
during this same period indicated that early operation was a more 
desirable form of treatment and this was substantiated by mihtary 
surgeons during the liter part of the first World War who concluded 
that the nonoperative treatment was a failure 
The high mortabty associated with such wounds has been caused 
primarily by severe shock hemorrhage and peritonitis Associated 
mulhple wounds of the thorax genitourinary tract spinal column or 
head or cutaneous bums have added to the perplexity of the problem 


GENERAL CONSIDERATIONS 


AlUiough penetrating w ounds of the abdomen have a low incidence 
in most parts of the country according to hfe insurance statistics they 
are encountered frequently as emergencies in large charity hospitals 
In the Cincinnati General Hospital there have been 161 cases betwe^ 
January 1942 and May 1946 an average of three cases per monm 
The abdominal cavity usually is penetrated by wounds through the 
anterior lateral or postenor walls but penetration may also occur 
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through tlie thorax, neck, perineum, buttocks, sacral area and even 
the thighs The wounds maj \ary from small puncture wounds pro- 
duced by a hatpin or icepick to extensive lacerations permitting in- 
testinal evisceration The causes of penetrating wounds of the abdo- 
men vary somewhat in civilian and military practice In civilian sur- 
gery they are usually produced by knife, icepick, low velocity pistol 
or rifle, and shotgun, whereas in war they are caused by high velocity 
nfle and maclune guns, fragments of high explosive shells, grenades, 
bombs and bayonets Damage to the intra-abdominal viscera vanes 
with the velocity, size, shape and nature of tlie weapon, the small 
bowel being damaged most frequently and the solid organs, colon 
and stomach less frequently Patients with lacerations of the great 
vessels including the aorta, vena cava and iliac or renal arteries sel- 
dom reach the civalnn surgeon unless unusual opportunities are avail- 
able for rapid transportation to nearby emergency hospitals 

Shock IS commonly seen in penetrating wounds of the abdomen 
and its severity is determined primarily by the degree of hemorrhage 
as well as by tlie type of tlie weapon, by the location and extent of 
the wound, and by the multiplicity of injuries 

Hemorrhage may be of any degree from minimal to massive with 
early death, and the bleeding may occur m the free peritoneal cavity 
or in the retroperitoneal space as a hematoma It is usually the result 
of perforation of one of the larger vessels of the abdomen or of lacera- 
tion of a solid viscus such as the liver, spleen or kidney. In our ex- 
perience it is rarely caused by damage to the vessels m the anterior 
abdommal wall such as the deep epigastric artery 

Infection is paiticularly prone to complicate this type of injury in 
the form of peritonitis, residual abscesses, putrefactive empyema, 
retroperitoneal cellulitis or wound infection It is the result of gross 
contamination by escaping gastrointestinal contents and rarely by 
material such as soil or dirty clothing carried into the wound from 
without The jevwjty of infection may vary wifh the segment of the 
gastrointestinal tract injured, the amount and character of the food 
digested before injury, the virulence of the bacteria! flora, and the 
resistance of the patient 

The fully distended stomach after meals or drinking is particularly 
vulnerable to upper abdominal or lower left thoracic wounds Small 
pstnc wounds, especially those located near the lesser curvature, may 
be followed by little spilling, whereas larger ones, particularly those 
Dear the greater curvature, may permit almost complete emptying of 
the stomach Poor oral hygiene, swallowed nasal secretions, and low 
gastric acidity favor high bacterial contamination of the peritoneal 
cavity by escaping gastric contents The effusion of contents from the 
'9'''^^ deum is particularly serious because of its liquid nature and 
tne character and abundance of its bacterial flora The contents of the 
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colon are normally solid or semisolid and diffuse contamination is less 
liVely to occur from penetration of the colon Nevertheless, the result 
ant infection is serious 

The infection developing after penetrating wounds of the abdomen 
IS almost always polymicrobic, being caused by several or many dif 
ferent types of bacteria The ascription of the average case of pent 
onitis to the unaided activity of Bacillus cob or other single strains 
seems to be without sufficient }ustiGcation, and the synergstic or 
cumulative action of the various infecting bacteria seems to be a more 
plausible cause It must be remembered that the normal pentoneum 
possesses considerable natural powers of resistance to infection but 
if repeated or constant soilmg occurs, such as that produced by an 
imrepaired perforahon of the gastromtestmal tract or a lealang anas 
tomosis, it IS unable to withstand bacterial attack and a severe, usu 
ally fatal, penlomtis is tlie result 

The retroperitoneal tissues on the other hand seem to have very 
little resistance to bacternl contamination m the presence of injury 
A severe form of retroperitoneal cellulitis may complicate penetrating 
wounds of the abdomen if adequate drainage of the ictropentoneal 
spices IS not earned out It is characterized by a spreading often 
crepitant cellulitis of the retroperitoneal arcoUr tissues with the pro- 
duction of considerable gray necrotic slough, and profound toreinia^ 
The condition is often referred to as “anaerobic ceUulibs“ and is IlK^ 
wise caused by the sjmergisbc action of the group of aerobic and an 
aerobic bacteria resident in the intestinal tract at the tune of iniury 

Infection of the abdominal operahve wound may also be caused by 
the same group of bacteria Its occunence and seventy are minimized 
by sharp dissecbon, protection of the woand edges with gauze dunng 
the operative procedure gentle handhng of tissues, closure by through 
and trough sil\ er wire sutures and adequate chemothenpi 

A severe mued infecbon of the pleural cavity may complicate com 
bined penetrating wounds of the chest and abdomen with perforatzoa 
of the esophagus stomach or intestme It is characterized by a pro- 
gressive effusion of thm, bloody, purulent fluid often wth a fom 
odor withm the pleural c'liity and signs of profound toremia wim 
ele\ ated temperature, pulse and respiratory rates and a fall m “le 
blood pressure which usually begins between the first and thud dajs 
after operation 

The successful management of penelrabng wounds of the abdotn™ 
consists essentially of early, surgical repair of the injuries by exprora 
tory operation as soon as the pabent’s condition will permit As m aU 
wounds of violence, the primary purpose of surgical 
save life by the allevialion of shods arrest of hemonhage, ana 
prevenhon or control of infecbon The secondary purpose ts tore w 
the funebon and appearance of die wounded parts m so far as possi e 
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To accomplish these objectives, adequate preoperative preparation, 
early and tliorough operative repair, and \agilant postoperative care 
are necessary. 

PREOPEnATUX PREPARATION 

Treatment of Shock.--A sterile dressing is applied as soon as pos- 
sible to all open wounds and immediate measures are taken to recog- 
nize and alleviate existing or impending shock. The eiFectiveness of 
active treatment consisting of the use of morphine, ox>’gen, shock posi- 
tion, and the intravenous injection of fluids is largely determined by 
the promptness wiA which it is instituted. Physiologic saline or glu- 
cose solutions and plasma are used imtil whole blood has been made 
available by the blood bank. In our opinion, whole blood is far 
superior to plasma or any other solution in the treatment of shock 
associated wth penetrating wounds of the abdomen. This therapy is 
continued throughout tlie operative and immediate postoperative 
periods. Stimulants or other liquids by moulli are not given. 

If the shock is due to the effects of trauma other than hemorrhage, 
and if the treatment is started early, active therapy is usually suc- 
cessful in restoring the measurements of blood pressure, pulse and 
body temperature to normal within three quarters to one hour. 

Control of Hemorrhage.— In general every severely shocked pa- 
tient with an abdominal wound should receive transfusions of whole 
blood, and if little or no response occurs to the injection of 2 units 
of blood %vithin one hour or less, it must be assumed for practical 
purposes that severe hemorrhageds a major cause of the shock. Under 
such circumstances tsvo and occasionally three continuous intravenous 
injections of whole blood are used simultaneously in an effort to 
supply blood at a faster rate than that at which it is lost. In this 
connection it should be remembered that it is wise to make at least 
one of the intravenous injections through the \’eins of the arm when- 
ever there is a possibility of penetration of die abdominal vena cava. 
In this way it is usually possible to overcome the manifestations of 
shock sufficiently, even in severe wounds invohang the major abdom- 
inal veins and some of the larger abdominal arteries, to permit anes- 
thesia and rapid abdominal exploration for arrest of the hemorrhage 
and definitive operative repair. Any hemorrhage that occurs from the 
wound in the abdominal wall is usually controlled easily by the 
application of a sterile dressing applied \vith moderate compression. 
Diagnosis of Extent of Injuries.— After treatment for shock and 
hemorrhage has been started, a rapid and thorough examination is 
necessary to determine whether die wound has penetrated or per- 
forated the abdominal cavity and whether there are any associated 
injuries of the chest, head or extremities. If a wound which per- 
torates a hollow \-iscus is thought to be nonpenetrating, the mistake 
IS usually disastrous. In most instances, however, the diagnosis offers 
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enter the chest below the fourth nb anlenorly 
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Fig 475 — Scnucliagrammatic left sagittal <^^a^ving through the left dome of thf 
diaphragm which illustrates the relabonship of the thoracic cage to the upper 
penjoneil and lower pleural cavibes and which explains the frequency of com 
bined penetrabon of both caMlirrs in wounds imohing the lateral and postenoi 
aspects of tJie tliorax and particubrl> those below the sixth nb poslenorly 
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little difficulty since a study of Uie history, the wound, the physical 
signs, and the laboratory data will usually indicate its penetrating 
nature Difficulty arises particularly m tangential or oblique wounds 
It must be kept m mind that it is possible for wounds originating in 
almost any part of the body to involve the abdominal cavity and those 
between the nipple hne and upper thighs frequently do Single 
wounds of the lower postenor and lateral aspects of the chest par 
ticularly on the left side below the level of the sixth nb, should be 
regarded as thoraco abdominal until proved otherwise (Figs 474 and 
475) Puncture wounds of the antenor chest wall below the level of 
the fourth rib may also penetrate both the pleural and peritoneal 
cavities A careful study of the points of entrance and exit helps to 
determine the pathway of the weapon and presence of penetrabon 
If the bullet entered the slcin obliquely, an area of abrasion is evi 
dent on the proximal side of the wound and one of undermining in 
the subcutaneous tissue is on the distal When there is no wound of 
exit, an area of tenderness or the bullet often may be palpated imme 
diately beneath the skin at the end of the tract 
When only the abdominal wall has been injured, shock, localized 
tenderness and guarding may be found, but they %vill subside or at 
most remain stationary if the injury is purely parietal If signs of 
peritoneal irritation develop, such as decreased respiratory movements 
of the abdommal wall, diffuse tenderness, rigidity, rebound tender 
ness, a rising pulse rate, increasing leukocytosis, and tenderness on 
rectal examination, the perforating nature of the injury becomes 
apparent The dimmution or absence of audible peristalsis on auscul 
tation IS also a very valuable diagnostic sign The demonstration or a 
pneumoperitoneum by percussion of diminished liver dullness and 
roentgen examination signifies perforation of a hollow viscus Occa 
sionally injuries confined to the chest, pirbcularly those associated 
with a hemothorax or fractured nbs, may present upper abdominal 
tenderness and rigidity, but the absence of the other signs of pent 
oneal irritation help m the differential diagnosis If the signs are not 
conclusive of penetration it may become necessary to explore the 
wound, but if there is any doubt as to the penetration or nonpenetra 
tion of the abdommal cavity, laparotomy and exploration offer less 
over all risk to the patient than conservative management 
A specimen of urine should always be obtained immediately after 
admission to the hospital and examined for blood If no urine or a 
small amount of bloody urine is found on catheterization, perforation 
of the bladder has occurred t 

Chemotherapy.-Chemotherapy is indicated after any 
injury m which the peritoneal cavity has been soiled We belies e that 
the systemic admmistration of 3 gm of sodium sulfadiazine preoper 
atively by intravenous injection is of definite value Early m o 
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studies sulfanilamide was instilled into the peritoneal cavity and oper 
ative wound at the completion of the operation, but we have aban 
doned this practice in favor of the preoperative systemic administra 
tion of sulfadiazine Our tn vitro studies indicate that sulfadiazine is 
preferable to penicillin in the mixed gram negative and gram positive 
flora of mlestinal organisms and our clinical expenence seems to bear 
this out More recently systemic sulfadiazine and penicillin have been 
used concurrently 

EARLY OPERATIVE TREATMENT 

It is imperative that the pabent with a penetrating wound of the 
abdomen be operated upon as soon as his general condition avill per 
mit Early operation within six hours of the time of injury is desirable 
and will result in a lower incidence of peritonitis Throughout the 
operative procedure the transfusion of blood is continued as a safety 
measure The treatment of other wounds which often accompany the 
mam abdominal one requires judgment, but m general they assume 
secondary importance and are treated expectantly for the time being 

•Anertficsia —Operation is usually performed under inhalation gas 
and ether or cyclopropane anesthesia Inlubabon is desirable particu 
larly m upper abdominal injuries, and inhalation anesthesia under 
positive pressure may be required in assoaated thoracic wounds 
Local and spinal anesthesia have not been practical at the Cincinnati 
General Hospital because so many of the patients with penetrating 
wounds of the abdomen ate intoxicated and unruly 

Skin Preparation —Preparation of the abdommal wall is earned 
out usually after the induction of anesthesia If any viscera protrude 
through the penetrating wound they are gently but thoroughly im 
gated xvith a solution of physiologic sodium chlonde and covered with 
stenle gauze The abdommal slan up to the edge of the wound is 
then washed thoroughly with soap and water, pamted with a skin 
disinfectant, and prepared for incision %vith sterile drapes 

Incision —If the wound of entrance or exit is large it is usually 
debnded and extended m a trans\erse or vertical direction for ex 
ploration If the wound is small it is usually disregarded and a sepa 
rate vertical left or nght rectus incision is made In any event a sufli 
o^tly large mcision should be made to permit maximum exposure 
The incision is made on the right side in most mstances which gives 
ample exposure for exploration of the entire contents of the abdom 
inal cavity In many of the thoraco abdominal wounds the exposure 
has been hmited and the technical procedure difficult through abdom 
mal mcisions Military expenence m the past war has demonstrated 
clearly the supenonty of the thoracic approach for many of the high 
penetrating wounds of the chest and abdomen, particularly those in 
volving the left upper quadrant 
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Arresi of Ilcmorrliage.— When Uie abdomen is opened the unme 
diate consideration is the arrest of hemorrhage which may have been 
increased by the induction of anesthesia and by the release of pres 
sure Tlie removal of clots and hquid blood by mechamcal suction 
aids in the recognition of the bleeding points The blind applicahon 
of clamps m a pool of blood may be disastrous and the surgeon un 
accustomed to emergency surgery may become confused and lose 
valuable time at this point Hemorrhage from many bleeding \essels 
may be temporarily controlled by digital compression In the upper 
abdomen, compression of the portal vein, hepatic artery, or coeliac 
axis between the thumb and a finger inserted through the foramen 
of Winslow may help greatly in the control of bleeding 

Damage to the spleen is usually treated by splenectomy since at 
tempts at repair are usually futile, wasting both time and blood In 
the case of lacerations of the liver, persistent bleeding may be con 
trolled by suture of the laceration, or m rare instances by packing 
However, packing with gauze shoiJd be avoided whenever possible 
since It may be followed by mfeebon and secondary hemorrhage The 
use of gelatin sponge promises to aid in the control of this type of 
hemorrhage Detached and devitabzed portions of liver should be 
removed and a drain placed down to the wound to permit the escape 
of bile 

After the arrest of major hemorrhage, a delay of several or more 
minutes while the transfusion of blood is being continued may be 
followed by a prompt rise in blood pressure and general lmprov^ 
ment of the patient’s condition 

Suture of Perforations of Diaplirogm.—The necessity for early 
recognition and closure bj suture of all perforations of the diaphragm 
cannot be overemphasized It minimizes pleural contamination and 
the danger of developing severe pleural infections, massive pneumc^ 
thorax or herniation of the abdominal contents A sucking wound OJ 
the thorax may be produced ns soon as the abdominal cavity i5 
opened and such wounds should be repaired immediately fouowea 
by aspiration of air and contaminated blood from the pleural cawty 
If a perforation of the diaphragm is not sutured, a serious and often 
fatal putnd empyema may develop postoperatively , 

Location and Repair of Injuries.— In order to locate every wotiw 
it is necessary to examine thoroughly and systematically all of the 
abdominal contents Demonstration of the points of entrance and eui 
through the peritoneum suggests the possible viscera damaged by s 
injury Every section of the gastrointcstiml tract must be demon 
strated and carefully inspected for perforabon To do this, it is neces 
sary to ‘run” the bowel and inspect the tract from the lower portion 
of the esophagus to the rectum replacing the loops of intestine inune* 
diately after inspection In general the points of gastrointestinal per 
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foratioft are easily recognized by the exposure and eversion of tlie 
punctured mucosa, tlie Msible escape of gas and fluid, the dark brown 
or black discoloration of the adjacent tissues, the presence of food or 
feces 1(1 the peritoneal cavity or the presence of crepitation in retro- 
peritoneal hematomas about tiie colon If one perforation into the 
free peritoneal cavity is missed, the outcome is almost invariably fatal 
The penetrating wounds most often overlooked are tangential ones 
located at the junction of the mesenter> vvith the small intestine, those 
along the retroperitoneal surface of tlie transverse colon, rectum, pel- 
vic portion of the colon or dtiodenum, and those of the posterior 



PENCTRATINQ GUNSHOT WOUND OF ABDOMEN WITH 

PERFORATIONS OF CECUM AND TRANSVERSE COLON 

OAT OF ILLNESS 12 3 4 5 6 7 B 9 10 II 12 13 14 

PULSE 

0 0 

20 

1 0 

1 0 0 

90 

e 0 

TEMP 

X"" llX 

103 

(02 

10 1. 

1 0 0 

99 

1 

1 


1 


J 

A 

1 

I 

1 

K 









9iie 





mm 



as; 

,52" 

W B C 

EE 

m 

ca 

Bfl 

m 

■ 

la 

Bl 

m 

|M 

Bi 

flfl 



SlTLfAOIAZiNC 

IN CRAUS 

B 

H 

B 

:b 

u 

Q 

fl 

fl 

■ 

fl 

fl 

fl 




i 

ISO 


ISO 

lOO 

Q 

,0 

TOTAu 095 000 LNlTS 


1 CONTINUOUS WANCENsTCEN SUCTION 

2 BLOOO TRANSFUSIONS 


Fig 476— Chart showing the clinical course of a patient ^vllh penetrating gun 
snot wound of the transverse and ascending colon who was treated by early closure 
of the perforations >vithoul extenonzation of the colon 


aspect of the stomach In both the large and small intestine, hemat- 
omas in the mesentery may hide perforations m the mesenteric border 
All perforation of the gastrointestinal tract must be closed and most 
of them can be repaired by inverting Lembert or mattress sutures of 
fine black silk rather than by resection When resection is necessary 
m more extensive wounds, pnmary anastomosis is preferred to ex- 
teiyrizafion in civilian practice and it is usually done by the closed 
end to end method ov er Kocher or Stone clamps using fine black silk for 
suture maternl At the CincinnaU General Hospital, injuries of the 
large bowel have also been treated with good results jn the same way 
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as those of the small bowel wthout attempt to exteriorize them (Fig 

*^^Wounds of the rectum should be repaired whenever possible and 
thoroughly drained A proximal colostomy should never be omitted 
in wounds of the rectum, however tnvial they may appear to be A 
left inguinal colostomy is usually desirable, but when it is evident 
that mobilization of the rectum will be required for any subsequent 
repair, a transverse colostomy is advisable to facilitate this 
A careful inspection must be made for injuries of the other retr^ 
peritoneal structures which may be concealed by a hematoma It 



Fig 477 —Illustrating the apiwarance of the rvound closed ten dal's P . 
wlh through and through siKer wire sutures Hie contaminated retioperi ^ 
sues had been drained through the nglit flank wound and two cigare ® , 

have just been rcmo%ed Note the absence of Infection m the operative 


’ ’ ’ ’ • ’ be exposed transabdom 

lateral to the afeoing 
ion of the bowel and « 
Iney may be 

wounds of the kidney with active hemorrhage or severe frag i 
tion are best treated by nephrectomy after makmg sure that a s 
good kidney is present ,, j j,y 

Perforations of the bladder should be sutured in layers 
cystostomy or insertion of a retention catheter Wounds “ P®. 
must be detected and repaired, preferably over ureteral catnc 
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lets not readily accessible are not removed Lavage is not done The 
use of postoperative drainage is a matter of judgment and depends 
upon a number of factors In most cases drainage of the peritoneal 
cavity IS considered useless unless there is considerable damage to struc 
tures such as the pancreas liver or biliary tract On the other hand 
contaminated retroperitoneal bssues should be drained through a 
stab wound m the flanh after closure of the peritoneal wound (Fig 
477) 

Chemotherapy —We have discontinued the local mstillation of sul 
fanilamide into the peiitoneal cavity for the prevention or control of 
infection and prefer to depend upon the preoperative and postopera 
tive administration of sulfadiazine systemically for the control or pre 
vention of infection (Fig 478) Penicillin may be used m conjunction 
with sulfadiazine gi\ mg 15 000 to 20 000 units every three hours (Fig 
476) 

Wound Closure —At the Cincinnati General Hospital the wound is 
closed with through and through silver or steel wire sutures accord 
mg to the method descnbed by Reid and Zmnmger * This method 
of closure (Fig 477) seems to be ideally suited to these cases and it 
has been used almost routinely at the Cincinnati General Hospital 
during the past thirteen years The advantages of this method are 

1 Rapid closure of the wound even under difficulties arising from 
unsatisfactory anesthesia 

2 Secure closure which is affected relatively little by infection or 
slough of the fascia the incidence of disruption is minimal %vith this 
method 

3 Closure of contaminated abdominal wounds without burying 
suture material which predisposes to more benign wound healing and 
reduces tlie liability of infection 

4 Easy reopening of the incision by untwistmg the wires if a second 
operation becomes necessary shortly after the original one for delayed 
hemorrhage or obstruction 

5 Incidence of postoperative ventral hernia is not greater than in 
more formal types of closure 

POSTOPERATIVE CARE 

After operation the patient is returned to his bed and placed m 
semi Fowlers position which aids m the localization of mtra abdom 
inal infection General supportive measures are contmued imme 
ately after operation and fluids by mouth are withheld Adequa e 
parenteral fluids are given to miintain positive water and ^ t 

balance and a urinary output m excess of 1000 cc per day B w 
and plasma transfusions are also given postoperatively as indica 

Continuous gastric suction is maintained by Wangensteen s me o 
until active peristalsis returns and gastric retention ceases The e- 
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compression afforded by the immediate use of gastnc sucbon tends 
to place the bouel at rest and to prevent gastric and intestinal disten- 
tion resulting from postoperative ileus Repeated auscultations of the 
abdomen usually show a return of peristaltic sounds on the second 
postoperative day If there is any question of the adequacy of peris- 
talsis, it may be tested by aspirating for gastric residual after the 
patient has been allowed to dnn\ one ounce d 5 water every oneWli 
hour for five or slx hours with the lube clamped off If the residual is 
less tlian two ounces, it may be safely assumed that peristalsis is ade 
quate and fluids by mouth may be started If more than three ounces, 
It IS usually wiser to leave the lube in another day and repeat the 
test 

Chemotherapy by the systemic administration of 3 gm of sulfadi 
azine subcutaneously every twelve hours is continued until it can be 
given by mouth m doses of 1 gm every four hours, bemg carefully 
controlled by the usual means for early detection of toxicity The 
blood levels are measured daily or every other day and the dose is 
adjusted to maintain a blood level of 6 to 10 mg per cent It is our 
impression that the intelligent use of sulfonamides has been largely 
responsible for the elimination of pcntonitis as a major cause of death 
m penetrating wounds of the abdomen Penicillin may also be given 
parenterally in conjunction with sulfadiazine, injecting 15,000 to 20,000 
units every three hours intramuscularly 
Vigilance is necessary to detect the presence of various comphea 
tions which are prone to occur during the postoperative period and 
which must be treated as they develop The most common ones in 
our experience include pulmonary atelectasis, pneumonia, pleural em- 
pyema, wound infection, intra-abdommal abscess, peritonitis, hemo- 
thorax, delirium tremens, intestinal obstruction, retroperitoneal cellu 
htis and tlirombophlebitis Dehiscence did not occur in any of the 
wounds closed by the method described and wound infections were 
decreased in frequency and seventy 
An analysis of 161 consecutive cases of penetrating wounds of the 
abdomen or chest and abdomen in which the patients were admitted 
to the Receiving Ward of the Cincinnati General Hospital between 
January 1942 and May 1946 is of interest Three of these patients 
weie moribund on admission and died withm forty-five mmutes in the 
receiving ward as a result of severe hemorrhage Two others died on 
the operating table also as the result of exsanguinating hemorrhage 
In the remaining 156, there were eighteen deaths, giving a mortahty 
rate of H 5 per cent for those cases which survived long enough to 
fie operated upon For all cases admitted mcludmg those m which 
death occurred vvitlim ten minutes after the patients amval at the 
iiospihl the over ill mortality rate was 14 2 per cent 
There were thirty four tboraco abdominal wounds in this senes 
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with nine deaths, or a mortality rate of 26 4 per cent which empha 
sizes agam the seventy of this type of injury and suggests the possi 
bihty ^at the thoracic approach might be used to greater advantage 
The causes of deatli and their incidence in this series are shown in 
Table 1 Hemorrhage with severe shock was responsible for 30 4 per 
cent of the deaths, and pneumonia and acute putrefactive empyema 
were the next most important causes In later cases it has been pos 
sible to control the putrefactive empyema by routinely closing all per 
forations of the diaphragm at the tune of operahon, by early diag 
nosis, and by dramage either by repeated aspirations or preferably 
by thoracotomy used m conjunction with the local injection of pen 
icillin and the systemic administration of sulfadiazine and penicillin 

TABLE 1 — COMPAIUSOV OF THE INCIDENCE OF THE CAUSES OF DEATH W 
PENETOATINO WOXWDS OF THE ABDOMEN BEFORE AND ASTER 

CHEMOTHERAPY 

104 Cases Admitted between January 161 Cases Admitted between January 
1938 and January 1942 1942 and May 1916 


Cause of Death 

No Cases 

Cause of Death 

No Cases 

Peritonitis 

9 (310%) 
7 

0 

5 

Hemorrhage 

7 (304%) 

Hemorrhage 

Shock 

Pneumonia 

T*-/^ — - 

4 (174%) 
4 (174%) 
2 ( 87%) 

Uremia 

1 

• • 

2 ( 87%) 

Retropentoneal cellulitis 

1 1 o4 01 

UKIIIUI 

Undetermined 

1 ( 43%) 
1 ( 45%) 


If the diagnosis is confused ^VIth postoperahve pneumonia and dram 
age IS not instituted, tlie infection progresses rapidly and soon pro- 
duces a severe stale of toxemia Figure 479 shows the charted course 
of a penetrating wound of the abdomen which developed a fatal 
putrefactive empyema In this case the perforation of the diaphra^ 
had not been sutured, the diagnosis was delayed, drainage by 
racotomy was too late, and chemotherapy with penicillin was do 
given 

Significantly, pentomtis was a contributing cause of death ° ^ 
two instances, and these were doe to a perforation of the duodenum 
which was overlooked m one case, and to a leaking suture line 
the duodenum m the other Thus, peritonitis was largely 
as a cause of death, apparently by the use of adequate chembthera^ 
with systemic sulfadiazine or penicillin and sulfadiazine used m co 
junchon with early operative repair of all perforations , 

In contrast, a study of 104 cases with penetrating wounds of “ 
abdomen treated without chemotherapy in the four years preceam. 
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January 1942 at the Cincinnati General Hospital showed that the 
mortality rate was 27.9 per cent. Significantly, generalized peritonitis 
was responsible for 31 per cent of the deaths (Table 1). A compari- 
son of the incidence of the causes of death in ti\e two series indicates 
that several changes have occurred since the advent of chemotherapy. 
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Fig 479 —Acute putrefactive empyema with profound toxemia developing in 
a penetrating thoraco-abdominal wound which resulted m death In this case tlie 
puncture wound of the diaphragm had not been closed, tho diagnosis was delayed, 
and treatment including dramage was started too late 

In the four years prior to that time peritonitis accounted for 31 per 
cent of the deaths, hemorrhage 24 1 per cent, severe shock 21 3 per 
cent, and pneumonia 17.2 per cent. Since 1942 the incidence of hem- 
whage and pneumonia as causes of death has remained essentially 
me same, being 30 4 per cent and 17.4 per cent respectively, but that 
0 peritonitis and severe shock has been significantly reduced. 
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SUMMARY 

Although missive hemorrhage from injuries to the major \essels of 
the abdomen and lower chest, particularly the aorta and vena cava 
remains a serious cause of death, the mortality rate in penetrating 
wounds of the abdomen has been significantly reduced for a number 
of reasons The early and liberal use of whole blood and blood substi 
tutes has helped to overcome the effects of shock and hemorrhage and 
has permitted operation under more suitable conditions in a larger 
number of patients Laparotomy performed on better risk patients 
permits more careful and less Immcd evphratton of the peritoneal 
cavity with the result tliat visceral perforations are seldom missed 
Damage to the gastromleshnal tract, soliJ viscera, diaphragm and 
retroperitoneal structures can be mvestigated and adequately re- 
paired therebj minimizing peritoneal, pleunl and retroperitoneal 
contamination 

Tliere is evidence tliat (he contamination of the abdominal cant) 
remaining under these circumstances can be controlled by adequate 
systemic chemotherap) used in conjunction with earl> surgery and 
that sepsis has been greatly minimized as a cause of death 
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THE MANAGEMENT OF MEGACOLON 
(HIRSaiSPRUNG’S DISEASE) 

Louis G Hemimann, M D FACS* 

Megacolon is a rare disorder of the large bowel which has re 
suited m hypertrophy and dilatation of the affected parts of the 
colon Clinically it is characterized by abdominal distenhon and ob- 
stipation From the therapeutic standpoint it is important to differ 
entiate between the idiopathic variety of megacolon and other similar 
conditions in which the hypertrophy or dilatation of the colon is sec- 
ondary to some congenital or acquired obstruction to the fecal stream 
in the distal porbons of the intestinal tract 

The clinical condition of megacolon was first described by Fred 
rick Ru>sch^ m the seventeenth century and more than a score of 
authors had recorded similar cases in the scientific literature before 
Harold Hirschsprung'’ pubhshed his classical account of the syndrome 
in 1888 He popularized the condibon and added considerably to our 
knowledge of certain types of megacolon so we have come W refer 
to the congenital or liopathic variety of megacolon as “Hirscn 
sprung’s disease" His original definition was a condition of congen 
ital high grade dilatation of the colon with thickening of all its tunics 
especially the tunica muscularis, with retention of large quantities of 
fecal matter 

'The idiopathic form of megacolon is from three to four bmes more 
frequenllj obser\ ed in boys than in girls and the congenital ongui or 
the disturbance has been shown by the demonsbation of the cha^a^ 
terisbc changes m the colon of an unborn fetus of seven months 
gestabon 

A few decades ago most of the infants with megacolon died before 
they reached the age of five years and those children with the less 
severe varieties of the disturbance rarely reached adult life Com 
pIicaboDS such as bronchopneumonia myocardial failure aohauus o 
the colon with perforabon of the wall and generalized peritonitis 
sUll the most common causes of death during early life m pa icu 
with megacolon In recent years however the important adiawc 
which have been made in the supportive treatment by the ^ 
tncian the improved dietary medical and surgical therapy and _ 
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better understanding of the patliologic physiology of the disturbance 
have all played a part in the improvement of the prognosis of this 
type of megacolon. 


THEORIES ON GENESIS OF SIECACOLON 


OefecU>e Muscular Tone of Bowel.— Ore of the earliest tlieones relatne to 
the etiology of megacolon %vas that a segment of the colon was paral>zed or pos- 
sessed defetUve rowscvilM tone Spasm. o£ the anal splanctet muscles with secon- 
dary dilatation and hypertrophy of the colon proximal to the rectum was descnbed 
by Fenwick* However, more interest was centered about disturbances of tlie 
visceromotor mechanism of the colon and Hurst* suggested that megacolon was 
due to failure of the spluncter muscles of the anal region to relax when the normal 
colonic peristalsis reached the rectum 

There are considerable expcnmenlal and chnica] data to support tlie theory lliat 
megacolon results from this tjpe of failure of coordination which leads to dys- 
funcUon of the neuromuscular apparatus of the colon and rectum In patients with 
megacolon the affected part is not parab'zed m spite of the fact that it is greatly 
dilated Vigorous and even painful penstaltic movements of the colon are regularly 
observed when the wall of the colon is thickened When these patients develop 
intesbnal obstruction vve find the usual clmical signs and symptoms of mechamcil 
obstruction, yet at operation or at autopsy there may be no demonstrable kmkmg 
or twisting of the colon It is thought that the colon must be contracting against a 
closed sphincter muscle which fails to relax or it is contracting against some val- 
vular type of obstructing mechanism Clinicians have reported considerable im- 
provement after manual dilatation of the anal sphincter muscles and after the sys- 
tematic use of rubber bougies to bnng about dilatation of the anal canal and the 
rectum 

Inereased Plastic Tone of Bowel.— Wade and Royal* suggested thit mega- 
colon was the result of increased postural or plastic tone of the bowel which is 
mediated through the action of the sympathetic nervous system just as it is in re- 
gard to striated or skeletal muscles This theory has since been shown to be Incor- 
rect, nevertheless it was responsible for opening the vast field of surgery of tlie 
sympathetic nervous system m the management of megacolon Even though their 
theory of action of the operation is probably incorrect, the end results following 
properly performed sympathebc denervation of the colon in selected cases of 
megacolon are surprisingly good and should always receive careful consideration 

olon 

I I’ ■ n . Ii • ’ I -1. eU- Two etiolngic hypoth- 

■ of megacolon Firstly, the 


give nse to loss of tone of 
wall of the bowel with secondary distention of the affected portion of the 
uovvel, or, secondly, tlie diminished tonus of the parasympathetic innervation of 
me colon and its associated inefficient relaxation of the anal sphincter muscles may 
^turb the physiologic equilibnuro and thus give nse to dilatation of tlie colon 
of the s>'inpathetic nerves to the colon is difficult to demonstrate clm- 
WUy and (hmmished tonus of the parasympathetic nerves can be demonstrated 
only by the use of cbolmergic drugs 

coordmation between the proximal and distal portions of the colon 
st-.^ .V probable cause of congenital megacolon In order to under- 

mechanism vve must familiarize ourselves with the extrinsic as well as 
activiwwh'^ innervahon of the colon Peristalsis is a coordinated neuromuscular 
fo^ " IS dependent upon mechanical and chemical stimuli arising from 

the intestine but acting through the extrinsic nerves and 
Pon the intnmic nervous plexuses of the bowel The upper lumbar nerves bnng 
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m the sympathetic impuJses «lule the lower sacral ner\es tarry the para5)inpj 
tJietic impulses to t}ie distal portion of the colon Tlie first and second lumbar seg 
ments of the spimi cord gi\e exit to those sympathetic nenes which pass through 
die lumbar sympathetic gangtionalcd trunks and the lumbar splanchnic nerves mto 
the inferior mesenteric and hypogastric plemses and then on to the colon These 
sympathetic fibers are also intimale)y associated with the circular muscle fibers of 
die rectum 

Stimulation of the sympathetic nerves wiU inhibit colonic peristalsis and tighten 
die internal sphincter muscle of the anal region Stimulation of the supenor hypo- 
gastric plevus (presacral nenc of Jlaitar|et*) of sympathetic nerves gives nse to 
pelvic pdin in addition to conslnction of the intcmvl sphincter muscle Stimulation 
of the parasympathetic fibers from the sacral outflow or irritation of the ganglion 
of Frankenhauser in the pelvis will greatly increase peristalsis and cause reliia 
tion of file sphincter muscles of the anal region 


PATIIOLOCICO PIIISIOLOCIC CONSIDERATIONS 
The surgical interniptjon of the sympathetic nerves to the distal 
portion of the colon results in n release of rectosigmoidal mhibihon 
and IS often followed by exacuation of tlie lower part of the colon as 
the sphuitter muscles of th< nml canal hecomc relived Overdislen 
tion of the colon must he combateil bj all nvailxble meins for then 
are manj unfavorable ciFects whicJi maj result from prolonged, mat 
tmal distention of the bowel Wangensteen^ has described many of 
these untoward effects in his monograph on intestinal obstructions 
He pointed out that the gaseous content of the bowel after obstruc 
tion of the sigmoid colon contains onl) a smxll amount of oxygen and 
carbon dioxide and an oxenxhelming amount of nitrogen When the 
intracolonic pressure nsts there is a marked diminution in the blood 
fioxv to the walls of the bowel Under such circumstances the colonic 
pressure may rise from 12 to 52 cm of water. This, according to Wan 
genstecn, exerts a pressure of 755 cm of water against each cubic 
centimeter of surface of the cecum and 340 cm of water pressure 
against the wall of the descending colon This difference m pressure 
within the colon accounts for the frequency of perforation of the 
cecum in late or neglected cases of obstruction of the large bowel 
Increased intracolonic pressure also influences the absorption from 
the bowel The absorption of dyes or bacteria by the Ijinphatic xes 
sels IS greatly enhanced in all cases of chronic intestinal obstroeboa 
and the absorption of materials into the veins or by the pentonem 
surfaces is also modified when the bowel is greatly distended 
of the patients with megacolon who come to operation show enlaig 
Ij’mph nodes in the mesentery and usually show enlarged lymph 
nels on the surface of the bowel and in the mesentery Such Ijmphan 
giectasis was considered bj Finney** a cause for megacolon 
Phjsiologic research dnected toward the identification of die c cm 
ical substances which the autonomic nerxous sjstem utilizes to 3^“ 

X ate the tissues led to the production of tlie cholinergic drugs Loe« 
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showed that the acbvity of tlie jnlesbne is increased by its contained 
chohne dematnes Choline is changed into acelylchohne and acts as 
a peristaltic hormone whicli generally increases the intestinal activity 
In 1921 Loewi ■* demonstrated the relationship between acetylcholine 
and Its parasympathetic stimulatne action Dale'® later showed that 
acetylcholine is released at all parasympathetic nerve endings on 
stimulation of these nerves, consequentlj it serves as a potent chem 
ical mediator in transmitting the excitatory c/Fect from the nerve end 
mgs to the reacting cells The administration of acetylcholine increases 
the function of the parasympathetic nerves and stimulates peristalsis 
m the colon 

Klmgman" found that atropine sulfate gave satisfactory response 
despite the unpleasant toxic effects, so he concluded that the para 
sympathetic nervous system played an important role in the produc 
tion of the disturbed neuromuscuHr function m patients with mega 
colon 

How a drug which supposedly acts exclusively as a paralyzer of the 
parasiinpathetic nerves can actually become effective in estabhshmg 
better bowel function in megacolon is difficult to explain Klingman is 
of the opinion that, with overaction of the parasympathetic nerves, the 
retention of feces in the colon results from an inability of the longi 
tudinal muscle fibers to expel the feces without help from the circular 
fibers of the colon In neurogenic mcgacolon tliese cycular fibers of 
the colon are too completely relaxed In such a case the parasympa 
thebe paralysant would reduce the inhibitory effect so one should 
expect some action from tlie circular muscle fibers 
Sbll another explanation for the action of a parasympathetic paraly- 
sant was given by Loewi when he showed that a drug like atropine 
inhibits the action of the parasympathetic nerves not by paralyzmg, 
as had been previously supposed, but by stopping or preventmg the 
action of acetjlcholme m or near the reacting cells He also pointed 
out that when a complete balance exists between cholinergic and 
adrenergic substances, atropine acts as a synergist to the adrenergic 
factor bj removing the cholinergic factors Myerson’s experiments sup 
port this theory in particular reference to the gastromtestmal tract, 
the tonus of the rectosigmoidal apparatus may be diminished by 
mrenergic action following the administration of a parasympathetic 
paraljsant 

Another explanation of this action comes from the effect that the 
parasympathetic paralysant may have when it acts as an uihihitmg 
tactor fo the liberation of acetylcholine in die tissues Aside from 
being liberated m very small quantities, ordinarily at the termination 
ot the parasympathetic nerves, acetylcholine is also present m small 
^nntilies at the termination of the sympathetic fibers at the junction 
« the preganglionic and postganglionic fibers A drug which reduces 
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the liberation of ncetylcholme at this junction might sufficiently re- 
duce the overactuity of the sympathetic ner\es to bring about a bet 
ter balance between the two elements of the innervation of the colon 
In some respects the use of a parasympathetic paralysant is almost 
paradoxical and one is forced to accept it on the grounds that it is 
effective in spite of tlie fact that the mechimsm by which it acts is 
still unexplained \\ halever the explanation might be clinical expen 
ence has demonstrrted that the dnigs which act exclusively as paral 
yzmg agents to the p irasympalhetic nerves are beneficial in eslib* 
lishing better emptying of the bowel in certain cases of megacolon 
Atropine should be the dnig of choice to inhibit the liberation of 
acetylcholine but its highly toxic effects contraindicate its regular dm 
ical use Syntropan (Ilochc) was found to have an effect similar to 
atropine on the parasympathetic nerve endings of reacting cells It 
controls the tonus of the bowel without interfering with the peristaltic 
activity The toxic dose is about twice that of atropine and the ad 
ministration is not accompanied by the disagreeable effects upon the 
heart and circuhtion the pupils or the glandular secretions Its effect 
on the colon is also much greater than that of atropine and it has no 
atropine like action on the small intestines The effective dose of syn 
tropan is also much more readily reached without tlie appearance of 
any toxic signs or symptoms 

DIAGNOSIS. Ot MECACOLON 

The diagnosis of megacolon except m very early infancy is rda 
lively easy and can be made on the basis of the following three car 
dinal findings (1) obstinate constipation (C) marked enlargement 
of the abdomen and (3) visible peristalsis on inspection of the 
abdomen 

The clinical history shows that these patients rarely have spontan^ 
ous bowel movements and they may even go weeks or months warn 
out proper evacuation of the colon Examination of the stools usua^ 
reveals large amounts of indigestible foods which had been ingest 
weeks before Some patients develop periods of diarrhea as a resu 
of the irritation from impacted feces in the lower portion of the won 
The young children with megacolon are usually small and frai an 
f ul to gam weight properly Tlieir general state of nutrition is poo 
because of the anorexia and the toxemia which result from the Ion 
standing fecal stasis The victims of this malady usually show marK 
muscular weakness and complain of headaches and 
ally The skeletal muscles are soft and flabby There is marX 
tardation m the development of secondary sexual character! cs 
tliose who reach the age of puberty i 

The abdomen may assume tremendous proportions and the en 
ment is iisnally in the porDon of tlie abdomen above the iimOiicu 
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There is usinlly marhed flaring of the costal margins and the dia 
phragms may be pushed up into the chest and encroach upon the 
intratlioracic organs (Fig 480) The skin of the abdomen is usuall) 
thin and shiny and on peicussion tlie abdomen is usually t>Tnpanitic 
in spite of the fact that large masses of fecal material can be pal 
pated along the course of the colon (Fig 481) As a rule, there is no 
free fluid in the peritoneal ca\aty in the carl) cases but in the ad- 
vanced forms of megacolon definite evidence of ascites is usually pres- 
ent Deep peristaltic waves are often visible over the abdomen and 
gurgling sounds may be heard either with or without the stethoscope 



Fig 480 —Roentgenogram showing se^ere congenital megacolon Note flantig 
ot vUe costal nntgins and compression o! the Iner, heart and lungs from the en 
larged colon and elei ated diaphragms 

Most of the patients with megacolon have an elongated or re- 
dundant sigmoid colon and a loop of the sigmoid colon may extend 
up under the right lobe of the liver (Fig 482} Sudden complications 
may occur in the form of ulceration of the wall of the colon or per 
foration of the colon due to volvulus of the long sigmoid loop Such 
complications may result in death rapidly unless the complication is 
promptly recognized and properly treated 
In infants the diagnosis may be extremely difficult The abdomen 
and visible peristaltic waves over the abdomen may give 
the clue to the nature of the intestinal disturbance Diarrhea may 
n lemate with constipation or the diarrhea may predominate for the 
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first few weeks of life Persistent voimbng dunng the first few weeks 
of life IS not uncommon When an infant presents these signs and 
symptoms one should suspect congenital mcgacolon but careful differ 
ential diagnosis must be made to rule out congenital duodenal ob 
strucbon, celiac disease, tuberculous peritonitis and nckets Meehan 
ical obstruction in tiie rectum must be ruled out by digital or procto 
scopic examination If tlie child s condition will permit, the colon 
should be thoroughly cleansed and a thm suspension of barium should 
be instilled slowlj through tlie rectal tube so the size and shape of 
the lower portion of the colon can be determined accurately on the 


Fig 483 — TtoenlgenogTam showing banum mned with fecal matter ihtee weeks 
after small amount of banum was given by mouth 


roentgenograms Contrast enemas using a small amount of air m the 
colon frequently help m the roentgenologic interpretations If the 
colon IS very large it is \ery important to evacuate all of the barium 
from the colon by mechanical or medicinal means, otherivise senous 
fecal impaction may result 

In older children and m adults the palpation of the abdomen gives 
the unpression of a doughy consistency of the mtra abdominal con 
tents and frequently masses of varying sizes can be seen and felt 
descending colon and the sigmoid colon (Fig 
f ii j in consistency from that of thick dough 

o that of hard putty These masses are readily recognizable as fecal 
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iths since pressure over tlie mass witli the finger usually leaves an 
indentation in the mass The masses may be found in any part of 
the abdomen 

It must be remembered tlial congenital megacolon may eust in the 
adult patient and remain as a latent or asymptomatic disturbance for 
many years (Fig 484) In such pabents the muscular dysfunction is 
compensated for and spontaneous bowel movements are frequently 
possible These patients rely mostly on enemas of various types for 
regular evacuation of the lower portion of the colon In spite of the 



apparent satisfactory functioning of the colon the anatomic or 
ologic changes may be very extensive and the serious 
of volvulus perforation peritonitis or massive fecal impaction 
take place at any time 

PATHOLOGIC \L CIIAtVCCS IN RIEGACOLON 
Analysis of the gross pathological changes in the colon of 
with congenital megacolon reveals tliat about 33 per cent ® jj 
have involvement of the sigmoid colon alone Bartle^® is of the P 
that the sigmoid colon is invariably involved but always m ^ 
tion with other adjacent portions of the large bowel 42-3 

cases which have been observed at tlie Mayo Clinic show's 
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per cent had involvement of the rectum and 11.5 per cent had involve- 
ment of the cecum. The parts of the colon proximal to the hepatic 
flexure were involved in 26.9 per cent of tlicir eases. In all of our 
cases of congenital megacolon there was involvement of the sigmoid 
colon and the portions of the large bowel immediately adjacent and 
proximal to the sigmoid colon. 

In the congenital variety of mcgacolon the wall of the affected por- 
tions of the colon is greatly thickened and presents the physical char- 
acteristics of thick, wet leather (Fig. 491). The blood vessels on the 
surface are enlarged and the lumen of the bowel is usually ten to 
twenty times enlarged. The taenia and the haustra arc absent and 
the epiploic appendices and the inesenterj' are thickened and elon- 
gated. Many large Ijinph nodes arc embedded in the tliickcned 
mesenter)'. The sigmoid colon is usually elongated and because of its 
elongated mesentery it may present several extra loops. This is of 
particular importance because it predisposes to volvulus and sccond- 
ar)' perforation of the colon. 

Adamson and Aird‘^ found tliat the nen’es of the colon were en- 
larged but this increase in size was due to fibrous tissue ratlicr than 
to any numerical increase in nerx'e fibers. Tlic increase in the size of 
tlie nerx’cs is only part of the general increase in connective tissue 
throughout the mesocolon. 

Tlio involved parts of the colon show signs of clironic inflammatory 
changes such as hypertrophy, fissures, ulcerations and even an ulcera- 
tive t)pc of colitis with perforation of the colonic wall. Chronic 
l>inphatic stasis was iisu.ally present with some cystic degeneration in 
the Ijuiph nodes. The ganglion cells and fibers in the plexuses of 
Auerbach have been found to be smaller and many of the ganglia 
were imperfectly formed. 

THE TUEATME>T OF MECACOLON 
Geaekvi. Mevsuues 

After the diagnosis of megacolon has been established the patient 
should be hospitalized for further evaluation and study of the type 
of abnormal function of the bowel. When these patients are brought 
into the hospital the distal part of the colon is usually packed xnth 
feces and often large fcc.al concietions arc found which cause sub- 
acute colonic obstruction with marked gaseous distention of the entire 
colon. 

Tins fecal matter must be c.irefnny removed by using repeated 
cleansing enemas of warm, soapy xx-ater together with the oral admin- 
istration of mineral oil and if necessary’ the instillation of mineral oil 
mto the colon by means of a rectal tube. 

As the first step in Uic management of megacolon a careful rectal 
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examinabon with the gloved finger must be done to male certain that 
there are no congenital strictures in the rectum If however such 
strictures are present tliey must be treated by regular dilatation wath 
the finger or with soft rubber bougies before any other form of treat 
ment is instituted These strictures are usually situated 1 or 2 cm from 
the anus so die child s mother or the nurse can be taught to carry out 
the manual dilatation regular!} Occasionally these strictures are firm 
and imyieldmg and must be treated surgicallj in order to overcome 
the obstruction 

Rectal dilatation has been systematically employed by Hurst who 
advises the use of soft rubber bougies of increasmg size to induce 
better relaxation of the internal sphincter muscles Such mechanical 
dilatation of the anal canal and the rectum may be of real value and 
should always be part of a well planned medical regimen Adolesceul 
children and young adults have reported many weeks of relief follow 
ing a single manual dilatation of the sphincter muscles and evacua 
bon of the contents of the lower portion of the colon Such forceful 
dilatation of the rectum should always be earned out under general 
or spinal anesthesia Overstretching of the sphincter muscles iisualh 
leads to a short period of fecal incontinence 

A great variety of medical and surgical methods of treatment have 
been advocated in die management of congenital megacoloa It 
our firm belief that every patient walh megacolon must first 
fully studied by tlie pediatrician or by the internist and all avauaWe 
conservative methods of management should be given a fair 
fore any surgical intervention is contemplated It is a well established 
fact tliat children under four years of age do not tolerate surgi^ 
operations well and we beheve they should not be exposed to the 
hazards of extensive surgical operations unless perforabon of the colon 
or volvulus makes such an operation imperative 

It is sometimes extremely difficult to decide whether conservahve 
management should be continued or whether some surgical proceo^^ 
should be advocated The age of the patient and the extent of tne 
involvement of the colon usually serve as valuable guides for 
since young children slioiild always have the benefit of prolong 
medical treatment and those children over five years of age with e' 
tensiv e mv oh ement of the colon sliould hav e the benefit of 
planned and executed surgical treatment The sudden developing 
of some serious complication bke intestinal obstruction ^ 

perforation makes surgical intervenbon necessary regardless ot 
general condition of the pahent 'Hie surgeon must then rely 
supporbve measures to help bde the patient over the cnbcal p 
after operabon 

Obviously there are many children who are suffering from 
conslipahon and present roentgenologic evidence of some aua 
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anomaly of the colon such as an undescended cecum, a mobile cecum 
or a redundant loop of tire sigmoid colon Our experience his pro\ ed 
that this t>'pe of condition can usuiUj be adequately cared for b> 
special training and consen aln e measures alone 

MFUIC.\L MriStlKEi) 

As a remedial agent the use of acetjlcholine is limited because it is 
rapidly hydrolyzed to less acti\c sul^tanccs b> certain esterases in 
the blood stream Oral administration of this drug is not effective 
and the results from the parenteral administration are inconstant 
unless the dosage is so large that the peristaltic action is o\ ershadowed 
by the undesirable toxic manifestations of the drug Although it is 
physiologically potent, its instability and its frequent alarming toxic 
effects after parenteral use ha\e discouraged its use in the medical 
management of megacolon 

In the early part of 1935 the cliemical compound of accUjlheta- 
victhylcholmc (mecholm and mcclioljl) became aaailable and the 
problem of the medical management of megacolon began to change 
This chemical substance uas syntliesizcd by Major and Cline^® and 
chemically it is a derivative of acetylcholine It has the advantageous 
pharmacological properties of acetylcholine but it is much more stable 
m the tissues When gnen orally it produces definite and continuous 
stimulation of the parasympatlielic nerves usually without untoward 
toxic manifestations It slows the heart action, lowers the systemic 
blood pressure, dilates the peripheral blood vessels, stimulates the 
sweat glands to greater activity, increases the tone of the inteshnes 
and stimulates peristalsis It may constrict the bronchioles and incite 
an asthmatic attach and in hrge doses it may produce abdominal pain 
and \ omiting The ill effects of tlus drug can be abolished immediately 
by tlie subcutaneous injection of as little as %oo gram of atropine 
sulfate 

Experience has shown that the optimum times for the administra- 
tion of acetylbetamethylcholine bromide are (1) thirty to sixty mm 
utes after breakfast, (2) in the midaftemoon, or (3) at any juncture 
to parallel and enhance an obseiacd daily intestinal rhythm’® If the 
drug IS gi\en before breakfast we have found that the patients usualK 
de\eIop the toxic manifestations of nausea, \omiting and abdominal 
pim This drug should be administered for a period of from five to 
ten days if we expect the autonomic imbalance to be corrected with 
the establishment of the new reflexes which are necessary to regulate 
intestinal function 

An ouerage initial dose of acetylbetamethylcholine bromide for pa 
tients with megacolon is 0 1 gm , increased if necessary to 0 2 gm 
within two or three days Then after several more days with this daily 
«ose if the bowel function is still not well established an additional 
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dose of 0 1 or 0 2 gm in midifternoon may be prescribed As the 
drug becomes effective m bringing about more normal function of 
the bowel tlie daily enemas are discontinued but the oral admimstra 
tion of the mineral oil is conbniied because of its lubricating action in 
the colon 

In some patients 0 2 gm given each mornmg and in midaftemoon 
IS required to initiate bowel movements If this quantity of the drug 
produces diarrhea the dose should be reduced to 0 1 gm the next 
time the drug is given When the patient becomes stabilized on a dose 
of the drug which produces one or two stools daily we usuaUy release 
him from tlie hospital with instructions to take 0 2 gm of acetyl 
betamethylcholine bromide each morning about thirty minutes after 
breakfast and 1 or 2 tablespoonfuls of mineral oil each evening and 
report back to the doctor in two weeks An occasional enema should 
be used if tlie patient becomes constipated or is troubled with gaseous 
distention of the colon 

Prostigminc bromide has been used as an augmenter of the acetyl 
betamethylchohne bromide Prostigmine prevents the destruction of 
acetylcholine by the esterases in the blood In moderate doses pro- 
stigmme bromide is a safe drug to use and it does not disturb the 
blood pressure or the heart action 

klingman^^ expressed the opinion that sijntropan (Roche) is of 
value in the management of certain cases of megacolon because it « 
X parasympathetic paralysant and has an action similar to atropwe 
in inhibiting the liberation of acetylcholine He reported satisfactory 
clinical improvement following the use of syntropan on five patients 
with megacolon klingman“ and Law*® are not entirely in agree 
ment concerning the basis for drug therapy m patients with mega 
colon since some of the benefits which Law ascribes to the use oi 
drugs might also be explained on the basis of the excellent supplo" 
mentary medical treatment vvhich bis patients received in conjunction 
with the drug therapy 

We are convinced that the medical management of megacolon mus 
be employed vigorously to minimize the distention of the colon M 
prevent nutritional changes m diildren at least up to the age of me 
years We also believe that medical management should be continue 
after that age especially when the child contmues to grow normaJ 
and contmues to have satisfactory evacuations of the bowel Me ica 
management must always receive its proper attention as an acbve pre^ 
operative measure as soon as it is recognized that the disturbance c 
colonic function cannot be completely controlled by the 
medical measures alone Unfortunately the surgeon frequently Jos 
sight of this important fact and the patients come to operation im 
properly prepared for such an extensive surgical procedure 
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Suncicii. Mf\sures 

The surgical measures \\hich are of \alue in the management of 
megicolon can be dniclecl roughl) into the cmergcncij procedures and 
the clcctiLC procedures Hie emergency procedures are to be used 
only as an heroic attempt to sa\e a life after some acute surgical 
catastrophe such as \ol\ulus, complete mlestiml obstniction, gangrene 
of the obstructed loop of bouel or peritonitis from perforation of the 
colon has tahen place Tlie minimal amount of surgical mampnlatiDn 
necessar) to accomphsli the immediate task is all that should be done 
in those patients Mith megacolon who may require immediate or 
emergenc\ surgical inter\ention 

At the top of the list of elective procedures we have the various 
kinds of sjonpatheclom) When medical treatment and sjonpathec 
tomy both fail to bnng about relief in patients wath megacolon then 
we must consider the other elective procedures, such as partial or seg 
mental coleclom> or even total coleclomj When patients are being 
prepared for coleclom} the elective operations of cecostomy and 
tangential colostomy should be considered to permit better cleansing 
of the rest of tlie colon and for the safer execution of obstnictue re 
section of the colon during and after partial colectom> 

Sympathetic Denervation of Colon.—Beforc the advent of sym 
pathectomy in the management of megacolon there was only a slight 
difference between the mortality rales followang medical and surgical 
measures Passler” reviewed the literature and collected 117 cases 
of megacolon which had been subjected to sympathectomy Com- 
plete relief was reported in thirty eight of the cases and improve- 
ment was observed m sixty-four cases There was failure to obtain 
benefit in twelve patients and three died In our owm senes of nine- 
teen patients with congenital mcgacolon showing an age distribution 
of two months to twenty years, we have subjected fourteen to the 
operation of sympathetic denervation of the colon Only one of these 
patients failed to obtain satisfactory function of the bowel follow 
mg the sympathectomy and many months of intensive medical man 
agement This patient wall be reported upon more in detail in the 
paragraphs devoted to colectomy 

The operation of sympathectomy is an empirical method of treat 
ment There are vanous minor differences m the operations which 
hav e been described y et all of them are directed toward the interrup 
tion of the sympathetic nerves to the affected portion of the colon 
It must be emphasized that patients who have been subjected to sym 
pathectomy must be observed carefully for a long time after the 
operation because it is not uncommon to have fecal impaction or even 
'ohoilus take place many weeks after the operation 
Ss-mpithectomj mil not produce salisfactorj results in cases rn 
"Inch the muscle pouer of the colon has been lost We base observed 
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that there is a gradual diminution in the size of the colon as meas 
ured by roentgenologic studies for several years following the s\ni 
pathectomy We have no new information about the changes which 
take place in the thick, heavy wall of the involved portion of the colon 
after sympathectomy, for none of our patients have had to be re 
operated upon and none has come to autopsy One young man whom 
we have followed for nearly fourteen years after sympathectomy still 
shows some thickening of the colon but he has continued to have nor 
mal function of the colon despite the fact that he had nev er had a 
spontaneous bowel movement during the first nineteen years of his 
life prior to the sympathectomy 



Fig 485 —Roentgenogram showang marked dilatation of the transverse colon m 
a man 53 years of nge Tlie wall of the colon was thin and atonic 

White and Smithvvick" mention some important observations which 
throw additional light on the effect of sympathectomy upon the nor 
mal colon They determined the intracolonic pressure relationsh^ 
before and after bilateral lumbar ganglionectomy, and combing 
gangbonectomy and splanchmcectomy which were performed for the 
cure of Raynaud s syndrome and mahgnant hypertension They were 
unable to show any alterations in the basic tone of the bowel, the 
peristaltic activity or the sensor} acaity of the bowel following such 
complete sympathectomies These observations however have never 
been made on patients with congenital mcgacolon , 

Wade’* observed that pabents who showed hypertrophy ot m 
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colon and visible peristalsis did \\ ell follow mg sj'mpathectomy llTien 
hypertrophy of the colon was absent, the improvement whicli fol 
lowed the sympathectomy was minimal and in those patients m whom 
the disturbance of the colon had progressed to the stage of marked 
dilatation with thm, weak musculature of the colon, tlie results fol- 
lowmg sympathectomy were completely unsatisfactory These patients 
were m constant danger of great gaseous distention of the bowel and 
kinking of the sigmoid loop They required regular enemas to bring 
about evacuation of the bowel One such patient came under our ob- 
servation and because the bowel was greatly distended and thin 



Fig 48S— Photograph of enure colon and terminal ileum removed at autopsy 
Irom a patient with enonnouJ dilatation of the nght half of the colon and secon- 
uai> voU-ulus ivith gangrene of ascending colon The rule in the center is 6 mches 
long 

walled we were certain that sympathectomy would give no improve- 
ment (Fig 4S5) Arrangements vverc made for him to enter the hos- 
pital and be prepared for the resection of the colon and an ileorec- 
lostomy Without our knowledge and while he was at home he 
developed acute intestinal obstruction from volvulus of the ascend- 
ing colon with gangrene of the cecum When he was brought to the 
hospital he was moribund and autopsy showed the tremendous dila 
tation of the entire right two thirds of the colon with volvulus m 
)^'ing the ascending colon and cecum vvith gangrene of the bowel 
ne photograph shows the specimen after it had been untwisted 
ftig 486) 
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Technical Considerations — TTie c^eration of lumbar sympathectomy 
was first performed m the treatment of niegacolon by \Vade and Royal^ 
m 1927 Their operation consisted of ramisection of the left lumbar 
sympathetic ganglia Since that time several modifications of their 
original operation have been described m the medical literature 
Rankin and Learmonth”® advocated the resection of the superior hypo 



Fig 487 -Drawing show ng anatonuc relation of vanous portions of ihe ah- 
Nominal sympathetic nervous system 

gaslnc plevus (presacral neivc of Latar|et) together wth ^ 
moval of the inferior mesentenc plexus of sympathetic nerves ( 8 
487) Judd and Adson*^ r^rted ^od results m the treatment 
megacolon from bilateral lumbar sympatlietic ganglioneclomy 

lecently however they suggested the resection of the lumbar spa^ 

me nerves together with the upper lumbar sympathetic gmgiiafoTU 
more severe varieties of megacoJon 
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All of the operations upon the lumbar syrmpithetic nerves also in 
terrupt important sympathetic fibers to other organs beside tlie distal 
portion of the colon Resection of the superior h)pogastric plexus in 
terrupts the motor fibers to the seminal vesicles and the prostate gland 
and abolishes the ejaculation of semen which produces sterility in the 
male When tlie second and third lumbar sympathetic ganglia are 
removed the power of ejaculation of semen is not disturbed but 
vasomotor paralysis of both lower extremities takes place so the skin 
of the legs and feet becomes hot and dry This vasomotor paralysis 
in the extremities causes no discomfort or disadvantages 
Telford and Stopford'^ have suggested the resection of the pre- 
aortic plexus of sympathetic nerves in order to avoid sterihty in the 
male and at the same time not interfere with the vasomotor control 
of the lower extremities This at first appeared to be the operation 
of choice but because of the uncertainty of the anatomical distribu- 
tion of these sympathetic fibers these authors finally decided that bi- 
hteral lumbar sjmpathelic ginglioncctomy would give more uniform 
denervation of the colon in patients with megacolon 
Scott and Morton"^ made an important contribution to tins field 
when they suggested the use of spinal anesthesia as a means of in* 
hibiting the sympathetic impulses to the colon to bring about evacua- 
tion of the colon in patients with megacolon This test aids in the 
selection of suitable cases for sympathectomy 
After the muscle tone of the colon has once been lost through over- 
distenlion from feces or gas, the operation of sympathetic denerva 
tion of the part will not gi\ e satisfactory results It is important, there 
fore, to prevent such ovcrdistention of the colon in order to preserve 
the tone of the bowel in all patients with megacolon who might sub 
sequently be treated by sympathectomy 
We believe that the operation of abdominal sympathectomy should 
be performed by the transpcnloncol route since that approach also 
affords an excellent opportunity for the surgeon to examine the entire 
colon and to determine accurately the extent of the pathological 
changes m its wall By this route both lumbar s>’mpathetic trunks and 
their ganglia can be lemoved at the same operation Other important 
sjanpathetic uerses which course along the preaortic area and into 
the inferior mesenteric plexus can also be interrupted at this opera- 
tion if the seventy of the megacolon demands such an extensive mter- 
lerence with the sympathetic innervation of the colon 
"pie retroperitoneal approach to the lumbar sympathetic ganglia 
and trunks possesses no real advantage in the management of mega 
colon and has the great disadvantages that two separate operations 
are necessary to completely denervate the colon and the surgeon never 
pets a chance to determine the extent of the pathological changes 
o> direct examination of the bowel 
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surgical removal of the obstructing lesion still fails to bring benefit 
to the thin walled and Q\erdistended colon, should be given relief 
by colectomy Volvulus with gangrene of the enlarged and dilated 
colon frequently presents itself as a serious complication in this type 
of megacolon (Fig 486) 

In addition to these three groups we believe that subtotal colectomy 
should be carried out in those patients with megacolon who show no 
contraction of the bowel or evacuation of feces following spinal anes 
thesia and for whom intensive drug therapy fails to reduce the size 
of the involved colon or reestabhshes the peristaltic activity 

Subtotal colectomy is not indicated in infants with megacolon un 
less they present comphcabons which make resection of part of the 
colon necessary to remove gangrenous areas Even under such or 
cumstances it is much safer to exteriorize the damaged portion of the 
colon and then perform the resection of the colon m stages at some 
later date 

In a review of the literature Carey was able to study ninety five 
cases in which subtotal colectomy was performed for megacolon The 
mortality rate for these cases was 27 per cent 

Dixon*® reported that, in his experience, m patients who have had 
great dilatation of the colon for many years there are always perma 
nent changes m the wall of the bowel and subtotal colectomy is the 
only surgical procedure which will give satisfactory improvement 

Barrington Ward”^ reported five cas^ m which total colectomy ivas 
done and an ileocolostomy or ileorectostomy was performed to re 
establish the continuity of the bowel In the 102 cases of megawlon 
treated by partial colectomy and reported by Ask Upmark the bene 
fits were observed immediately and the author thought they ivould 
be permanent 

The one patient m our senes, a girl 20 years of age, who failed to 
show improvement after intensive medical treatment and 
tomy was subjected to resection of the sigmoid colon (Fig 4S9j 
After the sigmoid colon was removed from the rectum by the use o 
Payr clamps m an aseptic manner, die distal end of the sigmoid co on 
was freed bv dividing tiie mesentery so the enormously dilated an 
hypertrophied bowel could be emptied of the fecal content by p ac^S 
the distal end over the side of the operating table and removing 
Payr clamp This was excluded from the field of operation and 
entire contents of the colon were milked out The fecal matter iia 
the consistency of putty and m all 42 pounds of feces and 
removed without causing any untoward reaction in the patiwt duii b 
the entire operahon A Devme type of colostomy was made so i 
the distal end of the descendmg colon and the upper end of t ® ^ 
turn could be brought togedier in such a way that the fecal s e 
Will later be reestabhshed by crushing the spur between 6 
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portions of the bowel (Fig. 490). We prefer to allow several montlis 
to elapse before the continuity of the colon is reestablished in order 



Fig 480 — Pholographs of a >oiing woman congenUal megacolon Pictures 
taken before and ten da>-s after partial coleclom> (see Fig. 490). A, Site of cecos- 
loin> B, Site of De\ine colostomy. 

to give adequate time for the medical and drug therapy to completely 
restore the function of the remaining portion of the colon. At this 
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* Tk*"'’ “5“ operation, the colon is functioning normally 

irtlnv Kf'*”" O' *o ootetomy opening is of nonna! size and 
Sive' patteot has guinea 21 pounds in weight and is normally 

“ 8'®"*'); ailated and thiclcned portion of the 
colon (Fig 491} is a somewhat different surgical procedure from the 
resection of a diseased portion of an otherwise normal colon It « 
our opinion that all of the involved colon should be resected by a one 
stage aseptic procedure and when possible a temporary double-barrel 



I i 

showing the resection of the enlarged sigmoid colon hi>if 
I entire large bowel oF large rjuantiCies of putt) lie frcaJ 

So?l operatum \Voundr healed pfompllv 


colostomy should be constructed This colostomy can be closed any 
time "oni a few weeks to several mondis but not until the patient has 
snown dehnite general improvement If the caliber of the entire colon 
IS greatly increased jt is wisest to remose it entirely or at least to the 
upper part of &e rectum The ptovimal end of the rectum and the 
distal end of the terminal portion of the ileum are brought to the 
outside of the abdomen and the 6nal anastomosis should be made as 
a second stage procedure at some later date The procedure described 
gi'es US hope of saving porbons of the colon which m3> 

secondary changes that may be reversible CertamJv 
wth the modem drug therapy it should be possible to restore normal 
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unction to parts of the colon whidi previously %vere thought to be 
nvolved m the process of megacolon 
It has been found that a liberal left rectus incision is a satisfactor> 
type of abdominal opening to ha\e for it affords adequate exposure 
of the splenic flexure of the colon nhich occasiomll> is very difficult 
to mobilize adequatelj The mesentery of the sigmoid colon and the 
descending colon is usually elongated and this adds greatly to the 
ease with which an enlarged colon can be mobilized and even brought 
out onto the abdomen to facilitate the resection The anal sphincter 



^91 —Photograph of the portion of the sigmoid colon removed at operation 
Note the leather 1 kc th ekened ^vaU and the dilated blood vessels on the surface 

muscles should be forcefully dilated at the completion of the colec 
tomj, and again when the colostomy is closed 
Because of the poor healmg qualibes of the enlarged bowel due to 
oug standing distention and lymphatic stasis m the tissues, the smgle 
stage resection of a part of the colon in megacolon and an immediate 
anastomosis between the proximal and distal segments of the bowel 
danger of serious complications We do not recom 
men this one stage procedure m the management of the more ad 
vanced types of megacolon 
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In the mtenal between the resection of the portion of the colon 
and the closure of the colostomy and after the immediate postopera 
tn e period, the patients are allowed a high protein, high vitamin and 
low residue diet Tliey may wear a colostomy bag or simply take a 
cleansing enema through the proi:imaI loop of the colostomj each 
morning and then just wear a pad of soft material over the colostomv 
opening They are taught to cany out irrigations of the lower loop 
of the colostomy at regular intervals 

SUMMAnV 

Because of the incomplete and sometimes apparently conflicting eva 
dence we are not justified in making any evact statements concerning 
the pathologjco physiologic mechanisms which are at work in the 
production of congenital megicolon Experimental evidence, the effect 
of surgical interruption of the sympathetic nerves to the colon and the 
action of cholinergic drugs eertamlj tend to support the neurogenic 
theory of megacolon as a functional imbalance of the autonomic ner 
vous system which innervates the colon Since there is no exact test for 
overactnity of the sympathetic elements of the autonomic nervous 
system, the final decision about when to do a sympathectomy to re 
duce the hy'peractivity of the sympathetic nerves must be empirical 
Sympathectomy should not be done in the very ) oung children and 
the results m patients with great dilatation of the colon and weak 
musculature are very discouraging SyTnpathectomy does not miracu 
lously restore function of the bowel in all patients with megacolon 
and adequate pansympatliofic tone and strong colonic inusculatwe 
are absolutely necessary for normal peristalsis and evacuation of the 
bowel Patients with vigorous visible peristalsis and hypertrophy of 
the wall of the colon usually respond best to the operation of sympa 
tliectomv 

The administration of some cholinergic drug which should be the 
remedial agent for diminished tone of tlie parasympathetic nerves u 
the only known functional test for tonus of the bowel, but its use is 
also empirical The proper and prolonged use of acetylbetamethyi 
choline bromide has proved valuable in the management of mega 
colon and might be a valuable adjuvant m the management of those 
patients with megacolon who liave not received complete or lastins 
relief from sympathectomy 

When the operation of sympathectomy is performed it is importaii 
to remove sufficient fibers from the sympathetic- nervous system o 
produce complete denervation of the involved portion of the coJo 

In adv anced types of megacolon and in certain types of 
dilatation of the colon it may be expedient to remove the « 
portion of the colon ancl later restore the continuity of the 
This operation of colectomy is especially valuable m the manageme 
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of those types of megacolon which have failed to respond to intensive 
medical and drug therapy or sympathectomy. 
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lECHNlC OF ANASTOMOSIS OF THE COLON 
FOLLOWING RESECTION 

Paul I Ho'0\ onni, M D , Pii D , F A C S * 

In the surgical remo\al of cancer of the colon there is common 
agreement among surgeons as to the fundamental objectives desired 
Attempt IS always made to transect bowel at points wade of the 
pnmarj growth, to remove an extensive area of the regional mesentery 
and its contained lymphatic structures, and to presera e blood supply 
to the remaining segments of colon Beyond these points of agreement 
there are differences in practice both m the technics using dunng 
the resection and in methods used for restonng the contmuity of 
bow el 

At the time of operation the surgeon may elect to reestablish con 
tinuity of the mtestine immediately or he may choose a metliod re 
quinng dela>ed anastomosis, such as a modification of the so called 
Mikulicz procedure or obstructne resection At the Cincinnati General 
Hospital it has been the practice to follow resection avith immediate 
anastomosis, by either an open or closed method, m all except occa 
sional cases ' In order to do this it is necessary to establish suitable 
conditions for the avoidance of sepsis and for primary heahng by use 
of careful preoperative, operative and postoperative measures Suit 
able conditions will be defined in terms of clinical entena throughout 
this paper If these conditions cannot be met with respect to the 
individual case, it is safer to resort to exteriorization and delayed anas 
tomosis If the) can be reaUzed, pnmary anastomosis becomes a safe 
method and usually permits a wider resection of the mesentery Also 
It shortens the period of hospitalization for patients and obviates the 
necessity for secondary operative procedures The latter two con- 
siderations are largely economic and they are of importance only if 
safety is estabhshed 

CO^SIDERATIO^S THE PREPARATIO> OF TIIE PATIENT FOR 
RESECTION 

Once the diagnosis of carcinoma of the colon is made and the lesion 
IS localized by sigmoidoscopy or roentgenology, the presence of con- 
stipation or obstipation, abdominal distention and x ray evidence of 
retenfaon of gas, fecal matenal or barium indicate obstruction In this 

From the Department of Surgery, College of \Iedicuie of the Unnersity of 
3rid the Cincinnati General Hospital 

mti 4 Professor of Surgery, College of Medicine Um^e^slly of Cmcin 

Assistant Attending Surgeon Cmcinnab General and Children s Hospitals 
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clinic any degree of chronic or acute obstruction due to lesions distal 
to the hepatic flevure is relieved b> antecedent proumal colostomy 
Neither distended thin nor edematous thickened intestinal wall len^ 
itself to safe anastomosis Of equal importance is the fact that systemic 
disturbances secondary to obstruction militate against recosery These 
may be disturbances m chemistry outnbon and water balance and 
in mechanical interference with Uie respiration due to abdommal dis 
tention Tangential cecostomy is preferred in cases of simple obstnic 
tion because it provides adequate decompression it is safely and 
easily performed under local anesthesia m one stage and in most 
instances closes spontaneously If operative closure is required it is 
a relatively simple procedure If associated local inflammation is pres 
ent complete diversion of the fecal content as well as decompression 
is essential Fever leukocytosis tenderness palpable fixation and fis 
tulous tract formation are signs of inflammation \Vhen these are pres 
ent m connection with lesions at or distal to the splenic flexure a 
modification of the Devine colostomy performed on the right or left 
half of the transverse colon is used The technic for this and flie 
method for later closure are as described by Ochsner DcBakey and 
Rothschild " 

Obstruefaon secondary to lesions in the cecum and ascending colon 
js encountered rarely This is due to the fungating quality of the 
growths with less tendency to scirrhous contracture the larger lumen 
of the bowel and the fluid consistency of its contents If obstruction 
IS present here it often denotes incurability by resection either because 
of local CAtension of the tumor or of widespread metastases Signs of 
associated local inflammation are also frequently present Often the 
relief of obstruction in the right colon may be accomplished by use 
of the Miller Abbott tube or continuous gastric suction and frequen 
small enemas Unless distinct progress is made in two or three days 
decompression is then best obtained by performing an ileotransverse 
colostomy through a short transverse incision In our hands 
anti peristaltic side to-side anastomosis has often proved , 

the general condition of the patient and local condition of the ho’''® 
justify the procedure the ileum may be divaded and the end turn 
in before the anastomosis is made 

In the absence of obstruction we do not hesitate to peifoim 
tion with immediate anastomosis without decompression Ti^P^ 
operative management of these cases and of those m which 
tion has been relieved are about the same In the ^ 

ment anemia is treated by adequate transfusion of whole blood 
a diet high m carbohydrates protein and calories and low in rcsi 
IS given If the oral intake is not adequate solutions of ammo an ^ 
glucose and saline are used mtravenously Daily minimum req 
ments of vitamin B are satisfied 
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In addition to the supportive management every attempt is made 
to cleanse the bowel as thoroughly as possible Collections of gas, 
stool and barium at the time of resection interfere with exactness in 
technic and increase opportunities for soiling of the peritoneum A 
cleansing enema of saline or tap water is given by rectum and through 
the colostomy each day Succinylsulfathiazole is gix en orally each six 
hours for five da>s before operation The dosage is calculated at the 
rate of 0 25 gm per kilogram of body weight for twenty four hours 
On the day before operation an x ray examination is made for the 
presence of gas, stool and barium in the colon At this time tlie patient 
IS placed on a liquid diet, and continuous gastric suction is begun 
on the evening before or the morning of operation 

On the day of operation the skin is shaved widely and prepared by 
gentle washing for five minutes with gauze saturated in 1 100 aqueous 
solution of cetylpyridinium chloride (ceeprjn chloride) Towels and 
drapes are applied with regard to the planned location of the incision 
All lesions of the colon except those lying xery low in the sigmoid are 
approached through a transverse incision, often extending into the 
flank as described by Hoag^ We are convinced that the transverse 
incision affords bettor exposuie than a vertical one, less retraction is 
required, wound disruption is encountered less often, there is less 
postoperative pam and splinting of respiration, and healing occurs 
with a finer scar The wound is isolated from the skin by fixing the 
under sides of towels to skin edges with Michel clips Careful atten- 
tion IS paid to hemostasis and the subcutaneous and muscular layers 
^re protected from trauma and from the field of resection with moist 
laparotomy packs 

PROCEDURE FOR LESIONS IN THE CECUM, ASCENDING COLON 
AND HEPATIC FLEXURE 

Upon opening the peritoneum first the liver and then the regional 
lymphatic area are palpated for metastases (If remote metastases are 
present palliative resection may be done Many of these patients re 
mam in relative comfort for months ) The primary growth is examined 
With care, since rough handling may lesult in perforation and soiling 
If there is evidence of an active inflammatory process extending be 
yond the bowel wall, with or without abscess, ileocolostomy is done 
without resection 

If this complication is not present, the cecum, ascending colon and 
hepatic flexure are mobilized by incising the avascular lateral mesen 
tenc reflection The bowel is rotated mesially and the ureter and 
spermatic or ovarian vessels are identified from their origin down to 

le bnm of the pelvis and spared The retroperitoneal fat and lym- 
pnahe bearing tissue are removed using a gentle wiping process with 
gauze alternating with sharp dissection, and carried mesially with 
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the bowel and its mesentery to the pomts of origin of the right colic 
and ileocecal artenes At the upper end of the field the descending 
portion of the duodenum is identified and the beginning of the trans 
verse mesocolic reflection is divided at its attachment to the duodenum 
and to the anterior surface of the head of the pancreas The dissection 
below IS carried proximal to the cecum to include the mesentery of 
about 12 cm of the terminal ileum incising only the serosa The 
entire mobilized segment is then elevated and its blood supply vis 
uahzed The pomts for division of the transv erse colon above and the 
ileum below are selected and the mesial reflection of mesentery is in 
cised with a scalpel from these points to an apev at the points of 
origm of the right colic and ileocecal arteries Tlie vessels are iso- 
lated divided between clamps and transfixed witli No 000 silk At 
tlie points selected for div ision of the transverse colon and the ileum 
the serosa is carefully cleansed of fat and mesenteric tissue by a 
gentle wiping process with a single layer of gauze over tlie finger 
Small perforating vessels are clamped as they are encountered close 
to the serosa divided with a scalpel and ligated with fine No 0000 
silk This IS done for a sufficient distance to permit the placing of 
clamps and for an additional margin of serosa to allow later inversion 
or anastomosis without interposition of fat long segments of vessels 
or large ligatures Pairs of Kocher clamps are applied in a position to 
shorten the antimesenteric borders of tlie viable segments The bowel 
IS then divided witli cautery at each site and the specimen is removed 
At this point either a side to side anastomosis similar to the method 
of the Halsted entero enterostomy* or an end to side anastomosis some 
what accordmg to the technic described by Rankin is employed n 
the side to side method is used simple closure of the ends of the 
ileum and transverse colon is made over the clamps with a single 
row of Halsted mattress sutures of No 000 silk These are laid m 
place to include the submucosa drawn up to accomplish inversu^ as 
the clamp is withdrawn and tied The closure is then reinfor^ hy 
placing a Lembert mattress suture between each two Halsted ma 
tress sutures usmg No 0000 silk Another method often used is that o 
an inverting right angle (Cushing) suture of No 0 chromic calgu 
over the kocher clamp This suture after the clamp is removed an 
iwv eisvow vs complete vs contumed back, as a seeood sow and tied e 
prefer either of these methods to that of ligating the bowel and inve ^ 
mg the ligated stump because they avoid cavities closed at each en 
with hgatures , . i 

After both ends of the bowel are closed the terminal ileum u ^ 
parallel to the longitudinal band of the transverse colon and the si 
to side anastomosis is done near the ends in order to leave as i 
blmd stump as possible The field is carefully walled off vvath ga 
packs Traction sutures of silk are placed at each end of the propos 
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anastomosis, and a posterior continuous suture of No. 000 silk is placed 
(Fig. 492, 1 ). Halsted mattress sutures of No. 000 silk are then laid 
anteriorly (Fig. 492, 2 ). These are next pulled aside, half to each end 
(Fig. 492, 3). Before opening the bowel a tcmporarj’ occlusion is pro- 
duced to prevent gross soiling. Rubber-shod clamps, or soft lead bars 
(5 by 3 mm. in cross section and covered with soft rubber tubing) 



Fig. 492— Steps in side-to-side ileocolostomy. 2. Postenor continuous sutures 
of silk between two traction sutures. 2, Anterior row of flalsted mattress sutures 
placed 3, Mattress sutures pulled aside; incisions made in bowel and vessels 
clamped and tied with catgut or coagulaf^. 

bent like a hairpin can be placed across the bowel. One is used 
across the ileum and one across the colon. At the site of the anas- 
tomosis itself no clamps are used. The bowel is held up by the assist- 
ant lifting the traction sutures, and there Is ordinarily no escape of 
contents. The bowel is opened with a knife and scissors or 
With high frequency cautery, and bleeding points are clamped and 
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tjed vvjth No 000 chromjc catgut or they are coagulated (Pjg 492, 3) 
The posterior suture line is reinforced with a continuous lock stitch oi 
No 0 or 00 chromic catgut which goes through the entire thickness 
of both walls (Fig 493, 4} The ends of the anterior row of mattress 
sutures are pulled up, the traction sutures are cut or pulled aside and 
when the mattress sutures are drawm up to approximate the bowel 
and tied the anterior Jip of the annstomosis is closed (Fig 493, 5) 
A Lembcrt suture of No 0000 silk, is placed be^veen each t\vo mat 
tress sutures The angles of the anastomosis are reinforced nttb mat 
tress sutures of No 000 silk and llie occluding rubber shod clamps or 
lead bar clips are removed After removal of the protecting gauze 



packs the gloves are changed before continuing the operation 
overlapping folds of the mesentery are sutured together 
defect, care being taken not to injure the blood suppi> 
abandoned (he use of a sulfonamide in the peritoneal ^ 

jng upon systemic administration bv the intravenous or subentane 
routes only m occmoml cises where soiling has occurred , 

If the end to side method of ileocolosfomv is used the cu 
only the colon is closed and a site is selected for the 
portion is tented up by grasping it with t\\0 Allis clarnps 
clamp IS placed across this aren longitudinally and the pto 
portion, uhich is Inad^ to correspond m size with the Qiameiet 
ileum. IS excised with the cautery (Fig 494, 2) The stump o 



ANASTOMOSIS OF TIIE COLON 


12&3 

ileum, \\hich is held m a Kocher clamp, is then approximated to the 
defect in tlie colon and the anastomosis is begun. Using an atraumatic 
needle, a posterior running suture of No 0 chromic catgut is placed 
with a Ue at the beginning and a lock at the end, leaving both ends 
long in order to tie them later at each end of the anterior suture 
(Fig 494, 3). Tlie clamps arc then rotated inward and a continuous 
right angle (Cushing) suture is placed anteriorly with no tie at either 
extremity (Fig, 495, 4 ). The clamps are withdrawm as the assistant 
makes traction on one end of the suture to begin the inversion. Tlie 



^94— Steps in end'to*si<le ileocolo5tom>. J, Dirision of terminal ileum. 2 
Kocher clamp on side of colon 3, Postenor continuous suture of catgut. 


completes the inversion by making traction on the other end 
of the antenor suture. Ag^utmation of the crushed ends of the bowel 
maintain closure until the inversion is accom- 
plished. Corresponding ends of the anterior and posterior sutures are 
en tied (Fig. 495, 5). The long end of the posterior suture is con- 
mued around anteriorly and tied, forming a second anterior suture 
me (Fig. 495, 6). Tlie continuity of the lumen is established by in- 
aginatmg the walls of the ileum and colon xxnth the thumb and fore- 
nger. The anastomosis is reinforced posteriorly and at the angles with 
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in phcing the sutures After completing the suture continu ty is estab- 
lished and the adequacy of the stoma is determined by mvaginat ng 
the bowel on either side with the thumb and forefinger The cut edges 
of the mesentery are approximated carefully to leave no defect or raw 
surfaces (Fig 497 5) 



Fg 497 — Steps in end to en I asept c anastomo s(confnet^) nfsfures 
tated and frst lo v of Ilalsted mattress sutures of s Ik placed 3 Fir.t ^ ,nd 
t ed and oppos te ro v of mattress sutures placed 4 Stone clamps rem 
second ro v of mattress sul res t ed 5 CJompleled anastomos s 

CLOSURE OF THE WOUND 

The exact method of closure of the wound has differed 
vidual operators As a rule the pentoneum is closed with wn . 
No 0 or No 1 chromic catgut The wound is thoroughly u 
irrigated with saline solution the muscle and fascia closed ^ ^ 1 
nipted figure of 8 sutures of doubled No 000 black silk or o 
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chromic catgut, and the skin willi interrupted No. 0000 silk. In cases 
in which soiling has occurred the closure is usually made with 21 
gauge silver wire stay sutures. TJiese are placed tlirough all layers of 
the abdominal wall, no suture material being used in tlie line of the 
incision. 


POSTOPERATU'E ClRE 

The postoperative care is important, but usually not difficult. The 
operation is ordinarily not accompanied by much loss of blood or by 
shock*. Intravenous injection of glucose and saline solution is given 
during operation and whole blood is substituted if indicated. Continu- 
ous gastric expression is usually maintained until the morning after 
the operation. The patient is placed in a position of comfort when 
recovered from the anesthesia and is turned from side to side at t%vo 
hour intervals. Morphine is given as necessary to avoid pain and rest- 
lessness. Deep breathing exercises arc encouraged and hyper\’entila- 
tion with carbon dioxide is effected at regular two and four hour 
intervals respectively throughout the first postoperative day. If a colos- 
tomy is present, water by mouth is started on the day after operation 
and a diet low in residue is given as soon as tolerated. If no colostomy 
has been provided small amounts of water only are given for the first 
forty-eight to seventy-two hours. Tlic urinary output is maintained at 
a level of above 1000 cc. for each twenty-four hour period by paren- 
teral hydration with glucose and saline solution if oral intake is not 
adequate. Daily requirements of vitamins B and C are satisfied. 

COMaiENT 

Even though careful preliminary preparation designed to permit 
safe immediate anastomosis is employed, one is occasionally con- 
fronted with circumstances tliat force him to abandon primary anas- 
tomosis in favor of a Mikulicz or an obstructive type of resection. For 
example, the colon proximal to the lesion may be filled with inspis- 
sated stool despite antecedent colostomy and days of attempts to 
cleanse the bowel by irrigation. Another example of such a circum- 
stance is the presence of an abscess secondary to perforation at the 
Site of the lesion. Also the general condition of the patient after 
mobilization of the lesion may contraindicate further abdominal 
manipulation, and require an exteriorization procedure with obstruc- 
twe resection. It must be admitted that methods of immediate anas- 
tomosis folloxving resection for ciarciooma of the colon are not suitable 
for anyone unwilling to pay exact attention to details of careful pre- 
opmtive, operative and postoperative management. Disregard ma)' 

ead to (implications, chiefly those of leaking of the suture line with 
pentonitis and intestinal obstruction. 
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Principles to be regarded in obtaining the best possible results may 
be enumerated 

1 Preliminary correction of nnemia and of disturbances in chemis 

try nutrition and hydratioo 

2 Relief of obstruction and attempts at thoiougb cleansing of the 

intestine before removal of the lesion 

3 Use of the abdominal transverse incision 

4 Careful attention during resection of the mesentery to preserva 

tion of blood supply to the segments of bowel at and adjacent 
to the proposed site of anastomosis 

5 Gentleness m the dissection and handling of the bowel and its 

mesentery 

6 Adequate mobilization of the segments to be ini'tomosed in order 

to prei ent tension at the line of suture 

7 Precision in placing of sutures after careful preparation of the 

bowel to receive them Inverting mattress sutures should catch 
the submucosa but not penetrate the mucosa and should be tied 
just ti^t enough to hold serosal surfaces in apposition but 
must not strangulate the tissue Inversion of too much of a 
diaphragm is to be avoided 

8 Accuracy m approximating the edges of the mesentery and «\ 

repentonealizing denuded areas . 

9 Isolation of the field of resection and exclusion of contaminated 

gauze instruments towels and gloves from the field before re 
peritoneahzation and closure of the wound 

10 The use of continuous gastric expression until obstruction is re 

heved and for the immediate preoperative and postoperatne 
period 

11 The provision of adequate hydration and nutrition and the pre 

vention of atelectasis after operation 
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THE MANAGEMENT OF BLADDER TUiMORS 

Edgah Borns, M D , F A C S • and W E Kittredge, M D , F A C S t 

With the introduction of the \arious operating cystoscopes, electro- 
surgical units, radium deep roentgen ra> therapy and impro\ements 
m surgical technic, tremendous strides ha\e been made in the tlier- 
ap> of tumors of the bladder In order to discuss the management of 
these tumors properlj a brief consideration of their incidence, etiology, 
pathology and s)'mptomatology is desirable 

I^CIDE^CE 

In 1937, 3 2 per cent of deaths from cancer m the United States were 
due to carcinoma of the bladder’ There was no reduction five years 
later when the same percentage was reported Tumors of the bladder 
are seen four times more frequently m males than in females ^ Most 
of these are encountered m patients bet'vecn the ages of 30 and 70, 
the majority being between 50 and 60 years old The lower grades 
are more common in the earlier age group whereas the infiltrative, 
high grade malignancies are seen more often m older people 

ETIOLOGY 

Little is yet known concerning the ebology of bladder tumors Al- 
though there is no doubt that mechanical or chemical irritation plays 
some part, it is nevertheless well known that bladder calculi are rarely 
associated with tumors Yet many urologists believe that chronic cys- 
titis either with or without stones is a factor m the etiology of these 
neoplasms It has definitely been shown that the incidence of bladder 
^mors IS greater in aniline dye workers and that the irritation caused 
hy the presence of the ova of Bilharzia m the bladder is a recognized 
causalwe agent Since the majonly of bladder tumors are located on 
near the trigone, the area most subject to inflammation, it is con- 
ceivable that chronic irritation plays some role 

, Department of Surgery, Tulane Umversity School of Medicine and 

® , ^-^rtment of Urology, Ochsner Clinic, New Orleans 
ij of Clinical Urology, Tulane University School of Medicine and 

Head of the Department of Urology. Ochsner Clinic 

on,! Professor of Clinical Urology, Tulane University School of Medicine 

lember of the Department of Urology, Ochsner Clinic 
1209 



1210 


EDCAn BURNS, AV E NITTREDGE 
PATHOLOGY 

Most bladder tumors involve the trigone, neck or lateral walls of 
the bladder The posterior wall, vault and anterior wall are less fre- 
quently in\ olved Practically all tumors encountered in clinical prac 
tice are of epithelial origin Rarely are mesodermal tumors seen 
These rarer growths can occur as sarcomas, myomas or fbromas 
The simplest form of epithelial tumor is the papilloma, which ap 
pears as a slender delicate, almost transparent papillary growth sup- 
ported by a long pedicle projecting from the mucosa of the bladder 
Although often referred to as a "benign papilloma,” these tumors are 
nevertlieless considered as of actual or potenbal grade I malignancj 
The papillary carcinoma may not differ materially m appearance from 
the papilloma but it is more likely to be firmer in consistency and it 
develops on a shorter and more sessile base These tumors are much 
more likely to be single thin tlie simple papilloma and they imdergo 


large segment of the bladder 

Wo find Broders’ classification with respect to relative mahgnanm 
a convenient method of grouping bladder tumors, in addition 
impression obtained from observation of their gross appearance Our 
experience has been that tlie clinical course of nt least 90 per ot 
bladder tumors can be accunlely predicted from their Broders grad 
mg when correctly reported Tins is of great value in planning treat 
ment in each individual case On the other hand, it will be readily 
admitted that a small percentage of bladder tumors aviII not behave 
clinicall) as might be expected from their grading Some feel that 
IS due to the presence of two or more tumors intimately assoaated 
with each other and of different degrees of malignancy Thus, 
grade tumor might mask one of much greater malignancy ^ 
case the patient’s unfavorable course after treatment would be due o 
the underlying tumor of ' ’ t-i. - nicQ some vv o 

believe that if there is Uovving m 

guration or removal of t currence ^ 

the Original tumor but a new one and therefore capable of ° 
much greater or lesser malignancy Gtan the original hJevertbeless 
since t^s percentage of aty-pical cases is small, we consider it " 
worth while to rely upon the microscopic gradmg of the tumor 
plannmg treatment and in arriving at a prognosis , , 

Metastasis beyond the bladder wall itself occurs chiefly w ^ 
grade malignancy The extension follows the regional 
sels from the base and lateral walls of the bladder througnou 
pelvis and lower abdominal nodes Rarely will the lesion metas 
to remote organs such as the brain, lungs or liver but this occasw 
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occurs Bladder tumors can be malignant b> position as \\ell as b> 
their microscopic clnracteristics and if the location of a tumor or 
multiple tumors in\oUes tlie urelenc orifices, upper urinar> tract ob- 
struction with renal failure may result This can occur e\en after re 
peated fulguration of tlie tumor, as tlie scar tissue following treatment 
will itself produce ureteric obstruction Likcwase, imasion of the blad- 
der wall in the region of the ureteric orifices ina> also produce con- 
stnction and upper unnaT^ tract obstruction Tbesefore, not infre- 
quently patients ivith bladder tumors die of uremia before metastasis 
has become of clinical importance 

S\’MITOMATOLOC\ 

The cardinal sjTnptoin of bladder tumors is painless hematuna, usu- 
ally intermittent m character and frequently profuse The bleeding 
may be persistent or fleeting, that is, the pabent may have blood in 
the urine once and then not again for several montlis or even longer 
Whenever tumors are allowed to grow to such size as to encroach 
materially upon the lumen of the bladder, fTcqucncy will result from 
the reduced bladder capicit) This will also be true in cases m which 
infiltrating tumors cause contraction of the bladder with resultant re 
duebon m capacit)’ Tumors of long standing will cause secondar> 
infection of the bladder with resultant dtjstma Obstruction to unna 
tion or retenbon of urine will rarely occur when tumors are situated 
near the vesico uretliral junction S)’mploms due to metastasis or up 
per urinary tract obstruction rarely appear prior to the more obvious 
and localizing symptoms of hematuna or dysuna Localized symp 
toms are usually absent m abdominal and pelvic metastatic lesions 
unless the perineural lymphabcs are involved Occasionally, invasion 
of bone structures m this area vv ill cause pain 

DIAGNOSIS 

Any pabent givang a past or present history of hematuna should 
have the benefit of a complete urologic study A careful history and 
complete physical examination are most important A cathelerized 
specimen of the urme from the female patient and the second of a 
hvo glass specimen from the male patient are obtained for microscopic 
study The absence of red blood cells on microscopic examination in 
such cases should not deter further examinabon The total ladney 
mnebon should be determined m all cases We use the phcnolstih 
^nphthalcm function test routinely except in the presence of gross 
hematuna We consider satisfactory a reading of 50 per cent or more 
m an hour and ten minutes after tlie intravenous injecbon of 1 cc of 
pnenolsulfonphthalein We feel that tins is evadence of at least com- 
of kidney fimcbon whether or not finer degrees 
0 c ange m renal funchon might be demonstrated by other more 
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sensitive tests The prostate gland in the male is then carefully pal 
pated for possible evidence of mah^ancy and its secretion examined 
microscopically for infection 

Cystoscopy is tlien performed and the entire bladder wall os well 
as the proximal portion of tlie urethri is carefully studied for en 
dence of tumor If bleeding is difficult to control at the bme of cystos 
copy or if bladder spasm mates it impossible for the pabent to coop- 
erate sufficiently to allow careful study of the bladder wall in the 
office the cystoscopic examination is done again m the hospital under 
spinal or general anesthesia A careful unhurried exammaboa with 
good vision and good relaxation of the bladder is most essential m 
diagnosis It is easy to overlook a small or ulcerative tumor in the 
pabent with constant bladder spasm during the examination or if 
bleeding prevents a clear field of vision After the tumor has been 
identified and its size and infiltrative qualities carefully esbmated 
biopsy specimens are taken from several areas for microscopic study 
Treatmeat of the tvmor is postponed void this jn/ormabon has been 
obtamed 

A number of nonmabgnant lesions of the bladder can confuse uie 
cystoscopist who suspects a tumor Chief among these is bullous 
edema which frequently appears similar to the relatively bemsn 
papillary forms of bladder tumc , 

with water while cystoscopy is 

this edema and reveal its true nature At ouiei uuies i w « 
to take a specimen for biopsy in order to differentiate one from the 
other Other confusing lesions include cystitis cysbca tuberculous u> 
ceration of the bladder aDcalme incrustcd cystibs leukoplakia ves 
ical calculi covered with exudate and firmly attached to the bbauer 
wall or inflammatory reactions resulting from radiation dierapy 
viously administered m the female pelvis Extension into the 
base from carcinoma of the cervix or rectum can occur because ot 
mtimate lymphatic connection between these organs In ^uen ^ 
stances the tumor may have actually broken through wath ulwra on 
and this is easily recognizable or it may have produced 
elevabon of the bladder mucosa with congesbon and edema bu ^ 
ulceration In the latter instance biopsy of the superficial 
the bladder wall will not reveal tlie presence of a tumor ev w 
it IS actually present deep in the muscular layer of th® bladder 
Endometriosis can occur m the bladder and produce jeen 

ally following a pattern parallel to the menstrual cycle and 
wall be purplish and grapehke in appearance Such lesions y 
accurately identified by biopsy and locally removed follovve , ^ 

oophorectomy If diverUcula of the bladder are 
always well to remember that a tumor may occur deep m a ^ 
bculum beyond the field of vision of the cystoscopist In s 
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st'\nces cystogiams may or may not be of aid in identifying the lesion 
but if Wood is seen coming from a duerlicular orifice, this diver- 
ticulum should eventually be removed with a presiimptiv'e diagnosis 
of tumor In routine cases of bladder tumor cystograms are of furtlier 
aid in revealing the presence of infiltration of tlie bladder wall ^v^th 
resulhng distortion and reduction of capacity, thereby giving some in 
dication as to the extent of the tumor as well as its degree of malig- 
nancy 

Rectal palpation of the bladder base above the prostate in the male 
and vaginal cxamwtttion in the female will give evidence of the pres- 
ence or absence of infiltration of the base Bimanual examination of 
the bladder, preferably under anesthesia, with one finger in the rec- 
tum or vagina and tlie other hand pressing suprapubically will fre 
quently give palpable evidence of an infiltrated bladder and also 
yield information as to the relative degree of fixation of the bladder 
which has already occurred This information is of great value when 
partial or complete cystectomy is contemphted and may indicate in 
adv ance those cases which are operable 
Excretory urograms are made in every case in order to rule out pos- 
sible primary malignancy in the upper unnary tract ns well as to 
establish the presence or absence of obstruction on either side as the 
result of the tumor If partial resection of the bladder is contem 
plated with the possible sacrifice of one bidney by ligating its ureter 
due to its locabon m the involved area, it becomes of vital impor- 
tance to establish the presence of a normal bidney on the opposite 
side Likewise, if uretero intestinal transplantation followed by cys- 
tectomy IS contemplated, it is essential to establish the presence of 
normal ureters because ureters dilated by chronic obstruction from a 
tumor at the ureterovesical lunction do not lend themselves well to 
intestinal implantation 

TUEATMENT 

Essentially, the treatment of all tumors of the bladder is them re- 
moval The method by which this is accomplished depends upon 
many factors Chief among these is the grade of malignancy of the 
tumor Of great importance also are its size and location and the age 
■md general condition of the patient Also, as pointed out before, if 
mdical operation is contemplated, it is always necessary to rule out, 
by bimanual palpation if possible, prohibitive Bxabon of the bladder 
oy extension of the tumor beyond the bladder wall 
Transurethral or Suprapubic Pulguratton and Resection^ Ra- 
umm.— Grade I papillary tumors are best treated, as a rule, by simple 
ransurcthral fulgiiration It is our pracbee to use the Stem-McCardiy 
resectoscope for this purpose This instrument allows the rapid cutting 
away of the great mass of the tumor or tumors followed by thorough 
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fulgurition of the base Since these tnmors will not have infiltrated 
the bladder wall beyond the mucosa fulguration need not be deep 
Occasionally such a tumor may have grown to such a si7e as to maVe 
it impractical to remove it tmnsutethrally This is also the case if the 
tumors are so great m number ns to stud large areas of the bladder 
S»;)ropiihic fulgurriUon of the open bladder is a more efficient and 
desirable method of handling these cases Since these grade I tumors 
nre notoriously recurrent in nature we mahe it a fixed rule to inspect 
these bladders in the office by cystoscopy every three months ^ter 
the original tumor has been removed Small recurrences seen here and 
there in the bladder not necessarily nt the site of the ongina! tumor 
can usually be fulgurated in the office with nny satisfactory electro- 
surgical unit without the use of an anesthetic 
The grade II papillary carcinomas ate hVewise treated by traus 
urethral resection and fulguration but we frequently supplement this 
with the apphcation of radium Badon seeds represent the most 
com enient means of applying radium After resection these are im 
planted mto the base of the tumor with an injector through an operat 
mg cystoscope A sufficient number of seeds )s ordered in each mm 
vidual case to cover the entire base of the tumor The radon seeds 
are calculated to deliver 125 millicunes at the time of implantation 
and are spaced approximately 1 cm apart 
Partial or Segmental Rcecciion of the Bladder —For the more 
infiltrative higher grade malignancies (grades 111 and IV) we con 
sider open radical operaiton necessary when possible AUhouw sin> 
pie transurethral fulguration of such a tumor followed by irradiaboo 
either xvith radium or deep roentgen rays will occasionally bring 
about a spectacular result in such tumors it is felt that the margin 
of safety is too small and that the tumor itself as well as a 
porhon of the remaining bladder wall if not all of it ^oul 
removed if possible Here the age and general health of 
are of prime importance Partial or complete resection of , 

IS a rather arduous procedure which has to be carefully baan 
against the normal life expectancy of the patient and ^ 

his general health It is likewise of great importance to estafaus n 
mal kidney function in cases in which radical operation is being 
sidered Should it be possible to demonstrate clinically that the 
has extended beyond the bladder or tliat it had invaded 
then more conservative procedures would seem to be iimicat 
again transurethral resection of the tumor followed by irr!i i 
therapy seems the most desirable treatment . « jjjj 

In favorable cases hoxvever xvide excision Is prefera e 
tumor IS located on the vault and is easily accessible partiii re 
of the bladder without disturbing tbe trigone or ureters is m 
The usual low midhne incision is made under spmal or gen 
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ihesia, tlie muscles and fascia di\ided, tlie bladder insufflated so as 
to make it more accessible and the peritoneal fold reflected upward 
off the bladder. Should the tumor be found to have invaded tlie perit- 
oneum where it is attached to the bladder, tins portion of tlie perit- 
oneum should be resected away along with the bladder wall itself 
and tlie defect repaired afterwards The bladder is opened then and 
the contemplated area of resecbon carefully mapped out and cut away 
with tlie elcctrosurgicil knife, the bladder is then resutured in two 
layers with chromic No 1 catgut and a large Pezzer catheter left in 
Drains are placed beside either side of the bladder and the wound 
closed m layers Should the tumor be found to extend down one lat- 
eral wall far enough to make it desirable to cany away one corner 
of the trigone includmg the uretenc orifice on that side, this ureter 
iniy eitlier be reimplanted into tlie bladder or dehberately tied off, 
thereby saenfiemg the kidney In such cases, one will always have 
determined the presence of a normal kidney on tlie opposite side and 
therefore the sacrifice of one kidney is not necessarily objectionable 
This shortens the time of operation and obviates the danger of fail- 
ure of reimplantation m a bladder which is already considerably 
mutilated by resection of the tumor Except in the cases in which the 
kidney to be sacrificed is infected, it will be found that tying off 
this ureter does not complicate in any way the postoperative course 
of the patient If infection is present in such a kidney, sepsis will 
follow and this kidney can then be promptly removed when the 
symptoms of infection become obvious We feel that postoperative 
irradiation by deep roentgen ray m these cases is a valuable adjunct 
to treatment 

Bilateral Urcterodiiteelmal Anaslomopie and Complete Cystec- 
tomy.— In those cases of high grade malignancy which do not lend 
themselves to partial or segmental resection of the bladder and yet 
show no gross evidence of metastasis, complete cystectomy is indi- 
cated (Fig 498) A necessary prerequisite to cystectomy is diversion 
of the urine This is best accomphshed by bilateral uretero intestinal 
anastomosis If this should for any reason be impractical, bilateral 
cutaneous ureterostomy can be done However, this is not as desirable 
from the standpoint of the patient as the former and is only indicated, 
instances in which dilatation of the ureters makes it 
difficult or impossible to implant them into the intestmal wall 

It IS our practice to do the intestinal anastomo^s and cystectomy 
m two stages The first stage consists of Uie implantation of the right 
ureter into the sigmoid After the patient has fully recovered from this 
procedure (usually in about two weeks), we proceed with implanta- 
l^ft ureter followed by total cystectomy at the same time 
At the time of the first implantation it is possible to explore the blad- 

er and adjacent structures so as to be sure that the bladder is freely 
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movable and that cystectomy avill therefore be feasible A further con 
sideration at this point is the fact that even if some evidence of 
metastasis is present cystectomy may still be desirable if mechanicall) 
possible for the reason that the patients future course will he far 
more comfortable without having to contend with a sloughing tumor 
and an irritable spastic bladder during the remainder of his Me 
Furthermore postoperatise irradiation in such cases may ha\e a fasor 
able influence on those metastases present to the extent that the 
operation becomes worth while 


[ 


I 


. METBIC 

Fig 49S —Specimen of infiltialmg carcinoma of bladder after total cystectom 

Preoperatwe PrepaTotton —Prior to operation the patient is 
ized and an intestinal antiseptic and nonresidue diet are 8*'^” 
suxidine ( 3 gm four times daily) is administered in an effort to s er i 
the intestinal tract partially Twenty four hours before 
laxative is given ^nd enemas are order«l for the mgbt ^ 

operation and the morning of operation A rectal tube is left m p 
after the list enema and the patient is taken to the operating i 
Parenteral Rinds and whole blood should be freel> given during 
operation to prevent shock and fluid loss . 

First SfHKC— ^^e prefir the Coff^ type 1 procedure for 
iiUcstinal (inaitomom as modified by M lyo ’ Tlie right ureter is 
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planted first A longitudinal incision is made to the right of the mid* 
line, the muscles and fascia are divided and the peritoneum opened 
Tlie patient is placed in the Trendelenburg position and the intestinal 
mass IS pached off The sigmoid is mobilized and an area as fax do%STi 
toward the rectum as possible is prepared for anastomosis Tins is im- 
portant as it lea\es the remaining portion of the sigmoid above free 
of adhesions so as to be more easily handled later on for the second 
anastomosis After the point of bowel to be used has been determined, 
this area is isolated with an intestinal clamp for a distance of seseral 
inches wth one of the longitudinal bands presenting The ureter is 
then identified through the parietal peritoneum, a small w'lndow made 



membreane " ’ 


Fig 499 — MohJizalion of ureter pnor to transpJantition 


in the peritoneum and the ureter dissected free (Fig 499) It is di- 
vided and ligated close to the bladder and the proximal end then 
brought up to the intestine This end is cut obliquely and then split 
longitudinally for about 1 cm m order to a\oid stricture of the end 
of the ureter later. An atraumatic No 0 chromic suture is taken 
through each of the flaps thus created by cutting the distal end of 
the ureter The bowel wall is then .incised along the longitudinal 
oand for a distance of about 5 cm going dowoi to but not through the 
mucosa The muscularis and serosa arc then carefully dissected later- 
on each side in order to proxide a free flap to close over the 
ureter later on An incision is then made through the mucosa at the 
istal end of this trough and each of the prexiously prepared catgut 
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sutures pissed through the bowel and then out at a distance of at 
least 3 cm below this opening A small piece of catgut is placed m 



Fig 500 -Ttan$plantation of ureter mto *igmo d 

the open end ol the ureter m order to beep it open temporarily wd 
the ureter is then passed douTi into the intesliml lumen (Fig 500) 



Fig 501 —Closure of muscles and serosa of sigmoid after ureter has been trsJM 
plinted 

The sutures previously taken are tied on the outside "nie ureter w 
then buried m the bowel wall for the entire length of the troug 
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atraumatic catgut sutures in the flaps previously prepared Occasional 
small biles are taken tlirough the outer coats of the ureter as the 
sutures are put in so as to anchor xt further in position Several layers 
of sutures are taken in all, completely burying tlie ureter (Fig 501) 
\Vlien the operation is finished, the ureter should not be under any 
tension and should present itself in a straight line coming down from 
the kidney and entering the bowel This area of intestine is then ro- 
tated shglitly and the edges of the posterior peritoneum, previously 
opened for access to the ureter, are sutured to the intestinal wall so 
as to extrapentoneahze the field of operation The peritoneum is closed 
with catgut and the wound is closed m layers, with catgut for the 
muscle and fascia and silkworm and dermal for the skin 
Postoperative Care —The patient is given parenteral fluids up to 
3000 cc a day A rectal tube is kept in place, no laxatives are given 
and suitable urinary antiseptics may be administered In the presence 
of undue fever or tenderness over tlie nghl kidney during the post- 
operative period we administer one of the sulfonamides m doses of 
05 gm four times a day with sodium bicarbonate, or tlie elixir of 
mandehc acid 

Second Stage —After the patient has sufficiently recovered, usually 
m about two weeks, excretory urograms are made m order to dem- 
onstrate die presence of a normally functioning kidney on the side 
of the first operation and if all is well, the second stage is planned 
Should this right kidney fail to function or continue to give evidence 
of obstruction and infection m the form of pain and fever, the second 
stage can be postponed or abandoned We feel that this is the chief 
virtue in domg a two-stage operation, in addition to lessening the 
shock and operating time for the second stage 
In the second stage the left ureter is first transplanted by the same 
technic previously described for the right As mentioned before, the 
upper portion of the sigmoid will be found freely movable and easily 
accessible for this purpose The incision here should be to the left 
of the midlme The peritoneum is then dissected completely off the 
bladder wall if possible but if it has been found that the tumor has 
invaded the peritoneum, that portion of the peritoneum is taken along 
vyith the bladder and the defect m the peritoneum repaired Then, 
dissection of the bladder from above is begun, the lateral and pos- 
terior aspects of the bladder are gradually freed and the vesical 
artenes clamped, divided and hgated with transfixion sutures of 
cnromic No 2 catgut as they are encountered The ureteral stumps 
are identified and pulled up The vas deferens on each side is like- 
wise clamped and ligated The base of the prostate and seminal vesicles 
from the rectum and the prostate then dissected free on 
° ^y blunt dissection with the finger The urethra is clamped 

® e apex of the prostate and the entire specimen including the 
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bladder prostate and seminal vesicles removed The urethral stump 
IS transfixed by chromic No 2 catgut and any bleeding encountered 
m the prostatic plexus of \eins is controlled by mattress sutures If 
convenient a stab dram opening is made through the perineum to the 
outside in order to provide dependent drainage for the large cant) 
left after removal of the bladder Ci^rette drains are likewise placed 
down to the base of the wound coming out from the lower angle of 
the incision and the wound closed in layers with catgut for the muscle 
and fascia ind silkworm and dermal for the skin Here again a rectal 
tube is left m place and intraxcnous fluids and whole blood are given 
to insure an adequate intake and to prevent shock 
We have found penicillin of value during this postoperative period 
as it seems to promote w ound healing and retard secondary infection 
It js usually giv en by intramuscular injection of 20 000 to 30 000 units 
ever) three hours Deep roentgen raj therapy over the lower abdomen 
IS considered a valuable adjunct to treatment after the wound has 
completely healed 


CONCLUSIONS 

1 Painless hemituria should be considered presumptive evidence of 
malignancy in the urinary tract until proved otherwise 

2 Cystoscop) offers a certiin means of diagnosis of bhdder tumors 
and should be accompanied b> biopsy with microscopic grading of fte 
specimen since the plan of treatment will largely depend upon the 
grade of the tumor 

3 Transurethral excision and fulguration with or without some^T® 

of irradiation therapy is the treatment of choice for those bladder 
tumors of low grade malignancy , . 

4 Experience and refinements in surgical technic have made radici 
excision of highly malignant bhdder tumors less dangerous than ever 
before 

5 Wide resection of highly malignant tumors offers the 
promise of cure and should be the treatment of choice m all sue 
cases which are considered operable 
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COTTON SUTURES IN VAGINAL PLASTIC OPERATIONS 
ABOUT THE BL.\DDER AND URETHRA 


CoNTiAD G CoixiNS, M D , F A C S * 

In 3939 Meade and Ochsner' demonstrated tlie supenonty of cot- 
ton over any other absorbable or nonabsorbable imternl available for 
use as sutures Since then numerous reports have appeared in the 
literature stressing the advantages of cotton for this purpose In 1942 
we" reported a senes of cases in which gynecologic and obstetrical 
operations had been performed with cotton as the suture material 
Since that time vv e hav e used cotton sutures e\clusiv ely in gynecologic 
and obstetrical surgical procedures whether the operation was per- 
formed abdominally or vaginally 


ADVANTAGES OF COTTON SUTURES 


In vaginal plastic repair the advantages of cotton sutures include 
(1) minimal reaction in the tissues, (2) diminished amount of post 
operative vaginal discharge and (3) increased comfort for the patient 
Its use also permits earl) ambulabon and a subsequent decrease in 
the number of urologic complications such as c>stitis or pyelitis bj 
85 per cent^ Early ambulation and lack of tissue reaction reduce the 
necessity for postoperative catlietcnzations in a large number of pa 
tients Furthermore, earlier postoperative and postpartal evammation 
IS possible because the patient experiences less pain on vaginal or 
speculum examination when cotton sutures have been used than when 
other material is utilized When cotton has been employed, it is pos 
sible to examme a woman vaginally or with a speculum after the 
second or third postoperative or postpartal day with little or no dis 
comfort We have noted less scar tissue about the vagina months 
after operation with cotton sutures than with any other absorbable 
suture material In addition, the vagina, bladder, rectum and urethra 
ore adequately supported and tlie tissues are much more pliable and 
plastic instead of being rigid as in cases m which nonabsorbable 
sutures have been used 

This communication will be limited to the use of cotton sutures in 
the repau- of cystocele, urethrocele, vesicovaginal fistula and urethral 
diverticulum 
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PREOPERATIVE CARE 

Plastic operations in women who are still within the menstrual age 
are best performed within the first two weeks following a menstnial 
period In this way considerable undesirable oozing or bleeding can 
be eliminated As in all surgical work the patient should be brought 
to the operatmg table in the best general condition possible The blood 
count and hemoglobin should be watliin normal limits and for weeks 
before the operation the patient s diet should include adequate pro- 
teins and vitamins especially vitamin C since normal serum proleuj 
and vitamin C have been shown to promote vvound healing 

In women who have reached the climacteric the vaginal mucous 
membrane because of the lack of estrogenic hormones reverts to the 
type found in the preadolescenl period that is there are atrophic 
changes manifested by a thm epithelium usually six to eight layers 
of cells deep containing little or no glycogen The atrophic membrane 
and lack of glycogen predispose to vaginal infection produced by 
pathogenic organisms and in addition it is technically more difficult 
to dissect a very thm and atrophic mucous membrane from the under 
lying tissues These two objectionable features can easily be remedied 
by the use of estrogenic suppositories administered ni^tly for thrw 
weeks prior to the date of operation the dosage being 2000 to 2500 
international units of estrogenic substance either in the form of natural 
estrogen or 05 mg of stilbestrol in suppositories The preoperalive 
use of suppositories containing estrogenic hormone converts the 
atrophic mucous membrane to the type found m the healthy joung 
woman that is the membrane becomes twenty four to Pventysix 
layers of cells m thickness the cells contain an adequate amount of 
glycogen and the vaginal pH and flora are reestablished to an optima 
condition It is our impression although this has not been substan 
hated by biopsy that not only is the vaginal epithelium affected y 
the use of estrogenic suppositones but the underlying puboMrvaca 
fascia seems to be thickened and tougher and more adaptable or 
suturing 

OPERATIVE TECnNICS 

In regard to nonabsorbable suture material fo surgical procedmes 
the principles set down by Halsted should be followed u 

that IS there must be thorough hemostasis the suture material s o ^ 
be as fine as compatible vvitb tissue strength fine bites 
taken mass ligation of tissue should be avoided and the L,irse 
be cut close to the knot Deviation from these tenets wiU o 
produce undesirable results , 

At the operating table the vagma is thoroughly scrubbed \vi 
soap and water the excess vvater is removed by means or alco 
the vagina and vulva are painted with any antiseptic sola i 
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operator prefers. After thorough cleansing with green soap and water 
and alcohol the use of an antiseptic solution about the vagina and 
vTilva is of questionable value. 



Fig 502 —Technic in repair of <^to-utelhroccle. For details, see text. 


C}gioccle.— In the repair of cystocele a linear incision down the 
J^icuzne or a deep T-shaped incision is made through the vaginal 
jnucous membrane (Fig 502, a). The vaginal mucosa is then reflected 
rom the pubocervical fascia and bladder by means of initial sharp 
‘ssection with a small scalpel blade. This dissection is continued 
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Widely on either side from the midline with scalpel or scissors (Fig 
502 b) and the bladder is fully mobilized A Foley catheter is in 
sorted into the bladder and the bladder neck identified A Kelly shtch 
of quilting cotton is then placed m the pubocervical fnscia in the 
region of the bladder neck and tied (Fig 502 c) The pubocervical 
fascia IS then brought together with interrupted sutures of quilting 
cotton placed approximately 0 75 cm apart (Fjg 502 d) The sutures 
are tied and then cut at the knot Occasionally in very large cystoceles 
in elderly women hvo rows of sutures are used The excess vaginal 

mucosa is trimmed away and the ' ^ 

mated with No 00 or 000 chromic 
gut is used in the vaginal mucous 

to have to remo\ e sutures from this structure postoperatively or post 
partally We have used very fine cotton sutures jn the \aginal mucous 
membrane (cotton No 150 or fOO) in fiumms and observation of 
these patients for months after operation has shown that ultimately 
the suture is either absorbed or has slipped out aseptically Ho\ve\er 
for purposes of conxenience we do not use cotton in the vaginal 
mucous membrane itself although there is no Surgical contraindicabon 
to Its use m this structure 

Urellirocele —The vaginal mucous membrane over the urethra is 
divided m the longitudinal axis of the vagina down to the urethra 
or pubocervical fascia (Fig 502 a) The dissection is cameo out 
widely laterally and the urethra is freed along its entire course An} 
adhesions to the pubic arch are separated by sharp dissection A ea&c 
ter preferably of the Foley type is inserted into the bladder to iden 
tify the bladder neck A first layer of Kelly stitches of interrupts 
quilting cotton is placed at the bladder neck (Fig 502 c) and then a 
second layer of interrupted quilting cotton sutures is placed throu^ 
the pubocervical fascia The sutures are spaced anywhere from 0 ^ 
to 0 5 cm apart The vaginal mucous membrane is then approumate 
with chromic No 00 or 000 catgut , 

In plastic operations in which cystocelc and urethrocele coexist 
technic outlined prev lously is used i e a longitudinal incision or i 
verted T shaped incision is made through the vaginal mucosa 
ing from just below the urethral orifice to tlie cervix ^Vhether or 
a T shaped incision is used or jvist a single longitudinal **^5***°"^, 
pends upon whether or not the cystoccle extends down to the 
of the internal os of the cervix Tbere is no need for a T shape ^ 
cision m cases in which the cervix and utems have been p 

ihe c)stoce]e does pot imolvo the cenix The remainder or t e p^^ 
cedure is as described under the correction of cystocc e 
urethroceles ~,an3l 

Vesicovaginal Fistula —The end results m cases of 
fistulas depend upon (1) the amount of mobilization oblaine ^ 
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time of operation and (2) the abilit> to approxunate the bladder 
mucosa and pubocervical fascia wathout tension Accordingl), irre* 
spectue of the site or cause of the fistula, a\e behe\e it best to make 
an mitial incision down the midline (Fig 313, a) extending from just 
beneath the uretlira to the cciaix or to where the ceiaix would ha\e 
been should it baa e been remoa ed at a prea lous operation If the 
fistula IS m tlie inidhne, it is encircled and the bladder is freed by 
means of aaide dissection to the most lateral portion of the aaginal 



Fig 503 —Tcclinic in repair of aesico^agmal fistula For details see teat 


"all Should the fistula be on either the nght or the left side and not 
in the midlme, the bladder is first freed on the side opposite the 
fistula, that is, if the fistula is on the nght side the left side is dis 
sected first and aice aersa (Fig 503 a) Tlie bladder is freed to the 
^ost lateral portion of the aaginal wall The dissection is then earned 
° 1 'vhich the fistula exists (Fig 503 h), tlie fistula en 

circled and the aaginal mucous membrane reflected from the bladder 
^ fnscia as far lateraU> as possible In this manner aae 

are able to obtain maximum mobih^bon of the bladder and conse- 
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quently a suture line wlucB will be under minimal stress irrespective 
of the location of the fistula The margins of the fistulous opening into 
the bladder are then freshened, the scar tissue cut away and the blad 
der mucous membrane approximated by a Connell suture of chromic 
No 00 or 000 (Fig 503, c) Nonabsorbable suture material is not used 
to close the bladder mucosa A second line of sutures consisting of 
interrupted quilting cotton is placed tlirough the pubocervical fascia 
and/or bladder muscularis about 05 cm apart (Fig 503, d) and the 
bladder mucosa and/or puboccrvir * ' i . i 

suture line in the bladder mucosa 
in a second row of cotton sutures 

advantages over larger sized catgut or sutures such as stainless steel 
wire or sil\ er wire in this particular part of the operation as cotton 
sutines of this size will break before one can tie them under tension, 
which IS not true of stamless steel or silver wire Thus, closure of 
the bladder muscularis and/or pubocervical fasen over the suture 
line m the bladder mucosa guarantees that the suture line is not^d 
under tension, this greatly enhances the possibilities of healing The 
vagmal mucous membrane down the midhne is then closed wA 
chromic No 00 or 000 sutures (Fig W3, c) Whether or not the 
vagmal mucosa is closed over the site of the fistula is of little or no 
import If the mucous membrane can be brought togetlier 
tension then it is closed with interrupted chromic No 00 or OW 
sutures If the defect is so large that it cannot be closed, or cannot he 
closed without undue tension, the mucous membrane is not closed (Fig 
503, f) Thus, the cardmal principles involving the healing of 
vagmal fistulas have been fulfilled, that is ( 1 ) wide mobilization of me 
bladder to insure a suture line whicli is tied without tension and 
closure of the fistula m layers without tension We believe that s 
approach to the closure of vesicovaginal fistulas far surpasses 5 
direct attack on the fistula itself To reiterate the approach to 
should be (1) an initial line of incision down the midlme of 
vaginal mucosa, (2) free mobilization on the uniovoHed 
and (3) the bladder near the fistula mobilized as a latter part ® 
operation , 

Postoperatively, a retention catheter of the Foley type is put m e 
bladder, the patient placed oa a Bradford frame on her ab<^en a 
the catheter connected to a bottle on the side of the bed The ca 
ter IS removed on the twehth or fourteenth postoperative 
Vaginal suppositories of estrogenic substance either 05 mg o 
bestrol or 2000 international umts of natural estrogen, are 
into the vagina twice daily to promote healing especially m 
which It was not possible to approximate tlie vagmal mucosa 
the site of the fistula This insures more rapid growth of the epi 
over the defect 
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DiverCicuIa of the Urethra ^-Although this condition is rarely en 
countered its possible presence should always be Xept m mind 
Duerticula may vary m size from 1 cm to 10 cm m diameter and 
may or may not contain calculi The differentiation of diverticula 
from urethroceles and cystoceles is not difficult if the condition is 
kept in mind and \\hen suspected if a orethril sound or small 
endoscope is placed into the urethra the diverticulum can be palpated 
over the sound or endoscope The diagnosis of urethral diverticula 
associated with stones is especially easy as the stones give a typical 
“chicVen craw feel 

Technic —An incision is made just below tlie urethral meatus down 
the midline as far posteriorly as necessary (Fig 504 c) Tlie bladder 
mucosa is dissected away from the will of the diverticulum and the 
diverticulum opened It is then excised (Fig 504 d) and the urethral 
wall closed with interrupted chromic No 00 or 000 sutures The 
vaginal mucous membrane js then closed over the suture Ime in the 
urethra by means of quitting cotton interrupted sutures (Fig 504 c) 
A retention catheter is left in place from tavehe to fourtern dajs and 
then removed the qiiiltmg cotton sutures are removed from tlie an 
tenor vaginal wall at the same time Occasionally the diverticulum 
IS so large and contains so many stones that an actual erosion and 
fistulous opening arc found in the diverticulum (Fig 504 h) 

I OSTOPEIUTIVE CATtE 

We do not adtise or use vaginal paclcs postoperatively The patient 
IS allowed out of bed as soon as the effects of the anesthetic have 
disappeared and she is encouraged to walk about and to remain out 
of bed for as long periods as possible In this way earlier spontaneous 
emptying of the bladder is obtained the incidence of postoperative 
tlirombophlebitis and phlebothrombosis is greatly decreased and lo 
general the patient feels better No vaginal douches are used 
the patient has a discharge This is the exception m cases 
cotton sutures has e been utilized In patients who have reached the 
climacteric suppositories of estrogenic substance (2000 to 2500 inter 
national units) arc used each night postoperatively for three to four 
weeks Tins undoubtedly aids in wound healing 

coyCLVSioss 

1 Before plastic operations about the bladder and urethra ^re p^ 
formed patients should have the following preoperative prepara 
{a) Infections in the urinary tract should be eliminated by 
sulfonamides peniciUm or both (b) In women who are stul wi 
the menstrual age correction of pathologic conditions should e ^ 
tempted only within tlie first two weeks following a menstrual 
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because during this time the chances of etcessue oozing are mmimal 
(c) For the patient m the postmenopausal age or at tlie menopause 
uhen the vaginal mucous membrane has become thin and atrophic, 
the preoperative use of suppositories of 05 mg of stilbcstrol or 2000 
international units of natural estrogen in oil each night for three weeks 
greatly increases the thickness of the vaginal mucous membrane and 
the pubocervical fascia, makes dissection easier and aids in eliminat- 
mg any infection winch may accompany senile vaginitis 

2 The use of quiltmg cotton sutures in tlie bladder wall or pubo- 
cervical fascia not only results in a neater operation but definitely 
decreases tlie amount of postoperative pain and vaginal discharge and 
reduces the necessity for postoperative cathetciization because of early 
ambulation 

3 Retention catheters should be used only in patients who have 
had repair of a urethral diverticulum or vesicovaginal fistula 

4 In postmenopausal or menopausal patients the postoperative use 
of suppositories hastens wound healing 
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CLEARANCE AND SATURATION TESTS OF 
RENAL FUNCTION 


Thomas Finplev, M D , F A C P * 

With the possible e’fception of the eye, no organ m the human 
body lends itself so well to mathematical treatment as does the hid 
ney In the 100 years which have elapsed since Wilhain Bo%vman's 
famous observations laid the grounduorh for studies m renal ph)si 
ology, clinical research in this field has brilliantly justified itself The 
purpose of this paper is to describe briefly and without full historical 
background the methods which yield quantitative renal function 
values of remarkable accuracy in the intact human body 


RATE OF GLOMERULAR FILTRATION 
Rehberg^ was the first to point out that tlie rate of glomeruli 
filtration could be measured if there were available a substance whiw 
passes freely across Bowman's membrane but does not traverse the 
tubular epithelium m either direction Thus, if a beaker contaming 
1000 cc of a 1 per cent salt solution is allowed to evaporate until the 
final volume is 100 cc , the final sahne concentration becomes 10 
cent (concentration X volume = concentration X volume) Figure 
505 illustrates the application of this pnnciple to a single nephron m 
which the volume of glomerular filtrate is large and that of the bli 
der urine small, the tubular cells reabsorb water but leave the num 
ber of dissolved molecules unchanged , 

If three of the four factors are known, the fourth is easily calcu 
lated Wishing to determine the \o1uine of glomerular fixate forme 

per minute, we rearrange tlie equation to read V Tbe 

items m the numerator are supplied by deterrnming the concentratiOT 
of tlie test substance in bladder urine and the rate of urine flow per mi 
ute The denommator IS procured tndii:ectiy, »e cannot obtain 
ular filtrate from an intact animal but the requirement has alrea y e 
made that the concentrabons in plasma and glomerular filtrate ^ 
tical so that we have only to analyze a sample of 
to obtain an equivalent figure Subsbtuhng plasma (P) for 
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merular filtrate and using more familiar symbols, the equation be- 

UV 

comes V (glomerular filtration rate) = This is equivalent to 

stating that V = ™rcted per min, 
mg. per cc. plasma 

The actual application of this principle to the patient is none too 
difficult. An adequate and reasonably constant concentration of the 
test substance in the blood stream is maintained by appropriate in* 
travenous or subcutaneous injection, a catheter is placed in tlie blad- 
der and, after a suitable period of equilibration, urine collections are 



v = 

c 

or 

Qbmerula.r nitration == 

fig. 503.— Illusliabon of the principles whereby the rate of glomerular filtration 
may be measured in intact subjects. See text. 

made at arbitrary intervals by washing the bladder out with sah'ne. 
Usually three or four twenty-minute periods are obtained and blood 
Samples arc wthdrawn from the antecubital vein at the middle of 
each collection period. Details concerning the precise procedures are 
available.2 

No substance which occurs naturally in the human body meets the 
I’equirements so that foreign materials must be employed. Of these, 
inu m is most widely used. Introduced independently by Richards 
co-worhers^ and Shannon and Smith,'* it has received the widest 
The more recent demonstration that other substances 
beU^f tK thiosulfate’) yield identical results substantiates tlie current 
^ at the rate of glomerular filtration can be measured with great 
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accuracy in the intact normal subject The problem of the diseased 
kidney will be referred to later 

The establishment of this technic for measuring the rate of glo 
merular filtration has been of the utmost theoretical and practical 
importance, but the formula which makes it possible may also be 
usefully applied to the study of any other urinary constituent 

since it essentiallj a concentration ratio ^ to which 

a time factor ( V) has been added It is now the custom to express the 
excretion rate of any substance in relahon to its phsma (or whole 
blood) concentration, and results may be grouped into those sub- 
stances which ate excreted (o) less and (b) mote efficiently than 
muhn 


SUBSTA>CES EXCHETED LESS EFFICIENTLY THAN IVWJN 
All the consUtaents of nomt'i) vrinc belong to this category mth 
the possible exception of crealimne Tlie fact that the exact chemical 
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Fig 506 -The relationship benveeij renal Wood flow nnd the plasma clearance of 
vanous substances 


nature of the cliromogenic substances which react with the J 
reagent are unknown makes creafmuie a difficult matenal ^ g 
to work Differences of opinion on this matter exist^ and it would s 
no useful purpose to include creabnuie m the present 
Figure 506 depicts the application of this formula to a 
tive number of substances Smith,® who has had the largest eapt 
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ence in this matter, reports that the glomerular filtration rate in nor- 
mal man a\ erages 131 cc per minute For the sake of simphcit>% how - 
ever, and because other observers have found somewhat lower values, 
the normal volume of glomerular filtrate is put at 120 cc per minute * 
IVhen the ercretion of another substance is studied in the same man- 
ner and the answer turns out to be less than 120, it may be assumed 
that that substance has been eliminated by a process of glomerular 
filtration and subsequent tubular reabsorption In any event, it is un- 
necessar) to invoke tubular secretion as an explanation for its appear- 
ance in the unne If, however, the figure for a third substance is 
greater than 120. it is certain that a portion of this material must 
have been extruded into tlie tubular lumen by active vital processes 
residing within the tubular cells Obviousl), tubular reabsorption 
diminishes the efficiency of renal excretion and tubular secretion en- 
hances It 

As examples of the manner in which naturall> occurring substances 
are handled by the kidney, glucose and urea may be chosen Since 
glucose IS known to occur in glomerular filtrate in the same concen- 
tration as m plasma^® and since normal urine is glucose free, tubular 
reabsorption must be complete the formula is applied to urea, 

however, the average for normal adults is about 75 cc per minute, '' 
a finding which must mean that approximately 40 per cent of that 
amount of urea which is filtered is reabsorbed by the tubules Other 
naturally occurring substances, the excretion of which have been 
studied by current methods, are sodium chloride, sulfate phos 
phate,“ ammo acids hemoglobin,''' vitamin beta- 

hydroxybutyric acid,®’’ pantothenic acid,*' lactic acid-'* and uric 
acid“ All these substances have been found to be excreted by a 
process of glomerular filtrabon and subsequent tubular reabsorphon 


SUBSTANCES EXCRETED MORE EFFICIENTLY THAN INULIN 


Of greater physiologic interest are certain foreign substances whose 
rates of renal elimination are high because bodily conservation is use- 
less or harmful In order to increase the efficiency of tlie excretory 
process, the kidney may modify its normal machinery m two ways 
First, tubular reabsorphon may diminish or cease altogether, in which 
®'ent the excretion rate will approach or become equal to the rate 
of glomerular filtration Secondly, an extra moiety may be added to 
the unne by a process of active tubular secretion Figure 506 also 


By %vay of illustration, this figure nould have been achieved by maintamms 
plasma iuului concentration at SO mg per cent and finding that when unne was 
orrned at the rate of 2 cc per miiitite the unnary concentration of inulm vvas 
1200 mg per cent 
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illustrates the manner in which certain substances are excreted by 
this double process of glomerular filtration and tubular secretion 

Phenol red (phenolsulfonphthalein) was one of the first sudi ms 
tenals to be studied In 1923 Marshall and Vichers"® first proved the 
existence of tubular secretion m dogs by showing that much more 
phenol red appeared in bladder unne than could possibly be ac- 
counted for by glomerular filtration alone, and it is now agreed that 
if tubular secretion did not exist, the rate of glomerular filtration in 
man would have to be at least as high as 350 cc per minute in order 
to account for all the dye excreted This is regarded as an impossible 
figure, and still other substances {diodrast, hippunc acid denvahves 
etc ) have been shoxvn to be excreted approximately hvice as effi 
ciently as phenol red 

The importance of these studies bes in the fact that they provide 
at least a theoretical way of measuring the renal blood flow in intact 
subjects This conception is best illustrated by a consideration of the 
so called extraction ratio It is not diflicult to explant a dog's hdney 
just under the sXin to a position which permits withdrawal of blood 
from the renal \em at x^ill blood obtained simultaneously from a 
peripheral vein is regarded as chemically equivalent to the blood 

entering the ladney tlirough the renal artery and the formula 

resents the abihty of the hidney to extract a gi\ en substance from the 
blood which perfuses it Recently, extraction rabos have been ol> 
tamed in man b> passing a catheter up the median basilic 
through tlie right auncle, down the inferior xena caia and into tne 
renal vein itself *•* If the concentration of substance \ m penpnera 
vein plasma is 12 mg per cent and in renal vem plasma 9 mg 
cent the extraction ratio is “ 25 per cent, the kidnej’s are 

ehmmatmg one quarter of the material brouglit to them , . i 

If, then, a substance could be found the extracbon ratio of w 
IS 100 per cent (i e all the material is removed from the blood ourmg 
one circulation through the hidnej), measurement of its 
cretion rate in relation to the blood concentration would gn® * 
equal to the rate oi renal blood 8o»\ saice it is obwously impo**’ 
for the ladnejs to eliminate more of the substance than is _ 

them by the blood stream per unit of time Figure 507 
matically the approximate extraction ratios of representa we ^ 

stances m normal man and theu direct proporbonahty to the j, 

values , 

Physiologists has e therefore searched for substances vvbic ^ 
creted so efficiently that virtually none escapes the kidney oy 
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of the renal \em and presumably also the lymphatics Figures 507 
and 508 show that diodrast and certain luppunc acid derivatives vir- 
tually meet the requirements, since dieir extraction ratios in man are 
approximately 90 per cent The fact tliat the ratios are not 100 per 
cent IS not a valid criticism for it, as Smith"® has pointed out that 
some of the blood entering the renal artery is distributed to connective 
or fatty tissue and thus never comes m contact with true kidne) 
parenchyma at all Tlie method has, therefore, been desenbed as a 
measure of “effective renal blood flow” For example, if it be found 
that 1100 mg of diodrast are appearing in the bladder urine per 
minute and that peripheral vein plasma contains 2 mg per cc, then 



lOO 200 300 -400 500 &00 

cc of- pl<s.sma cleared per minute 

Fjg 507 —The relationship between plasma clearance and extraction ratio 


550 cc of plasma must ha\ e come m contact with tubular tissue each 
aiinute If, furthermore, the hematocrit is 45 per cent, the effective 

whole blood flow is = 1222 cc per minute In twenty normal 

human subjects Bradley-^ has found that the extraction of p-ammo- 
ippurate ranged from 89 5 to 956 per cent vvith an average figure 
ot 92 4 per cent 

It will be observed from Figure 506 that this technic is valid for the 
measurement of renal blood flow only when the blood concentrations 
are kept low enough to permit maximal extraction, the capacity of 
n ular cells to transmit material is easily exceeded and, when this 
« Clone, tile extraction ratios obviously fall 
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the amount of free or filtrable diodrast m 1 cc of pla$ina by the 
glomerular filtration rate, he obtains a figure representing the abso 
lute quantity of diodrast filtered per minute, the diiference between 
this and the total rate of diodrast secretion, of course, gives the 
tubular contribution It is this latter value which is of such interest 
because of its quantitative hmitation 



PLA^flA dOOKMST lOOINl-fJCiM'i ^ 

I ijr The rebtiun^lup between plasma concentration plasma cleuraiu 

tubular eacretion of dtoflrast iodine lu a normal human sun;ect 

Figure 508 shows the relationship Iietweeii the ^ 3 } 

plasma diodrast and the amount secreted by the tubules ® \ 
human subject The open circles represent the nulbgrams ot ^ 
iodine secreted per minute and show that at a plasma ^ 
proximately 51 mg per cent this value becomes constant an 
tubules are unable to secrete more than 45 mg ot ^ ij^ad 
per minute regardless of further increases in the load ot 
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offered to them This \alue has been termed by Smith dwdrast-Tm 
(the maximal rate of tubular excretion), and ma> be accepted as one 
method of estimating the functional capacity of the renal tubules 
Smith’s studies®* indicate that the renal tubules of normal man are 
capable of secreting about 52 mg of diodrast iodine per minute, lliose 
of uomen slightly less Our average diodrast-Tm on a much smaller 
senes of mixed subjects was 40 mg per minute 
Substances otlier tlian diodrast may, of course, be used for this pur- 
pose provided they are in part eliminated bv' tubular secretion Figure 
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PLASMA PHENOL RED - MOM */. 

509— The relationship between plasma concentration plasma clearance and 
tubular escretion of phenol red m a normal human subject 

^09 illustrates observations of a similar character m which phenol 
Was employed As already stated, the kidney handles this sub 
s an(^ \vith considerably less efficiency than it does diodrast or cer- 
2 m hippunc acid denv ativ es so that the absolute v alues are different, 
** the principle of estimating tlie functional capacity of the tubular 
ex«etory mass by measuring the maximal tubular output of the dye 
tP enol red Tin ) is equally valid For sev eral reasons, the use of 
P enol red for these purposes is unwise and Smith’s observ abons"* 
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On purely malheimUcal grounds Lamport®^"^^ has derived formulas 
which suggest that change in the caliber of the afferent arterioles must 
also take place Shannon however, has pointed out that neither 
theory is entirely satisfactory 

INTERPRETATION IN THE PRESENCE OF DISEASE 
The measurements of glomerular filtrabon rate, renal plasma flow 
and Tm appear to yield valid results m normal subjects but the pres 
ence of disease imposes certain limitations upon their unqualified 
acceptance In Bright s disease particularly, it would seem more than 
likely that the distorted architecture of the kidney would also entail 
some perversion of function which might not only be undetectable 
by clearance methods but might even invalidate them It must be 
remembered that clearance methods are over all procedures and can 
hardly he expected to re\ eal subtotal fluctuations in renal funebon 
for example it is quite imjiossible to tell from a urea clearance of 
50 per cent whether the patient has had ine Jadney removed or 
whether both kidneys are working at half their normal rates Indeed 
some have felt*® it hazardous to apply clearance metliods at all to 
seriously diseased kidneys and even in anatomically normal kidneys 
certain extrarenal factors have been shown capable of profounoly 
modifying clearances For example Hembecker Rolf and ^Vhlte 
have produced marked changes in clearance and Tm values mter 
fenng with the function of the anterior hypophysis thyroid and 
adrenal cortex Testosterone causes renal hypertrophy and an in 
creased diodrast Tm Vitamin A increases urea and inubn clear 
ances^® and renal blood Sow, glomerular filtration rate and dio- 
drast Tm** Hemorrhagic and traumatic shock^' ** ** 
anoxemia®® ®^ have been shown to produce discrepancies between 
actual renal blood flow and clearances of diodrast and p ammonip 
purate because of impaired tubular extraction These observations 
illustrate the fact that the mechanism whereby tubular cells move 
materials from the blood stream to the tubule lumen depends iQ ^ ^ 
upon adequate supplies of hormones vitamins and oxygen mo a 
one cannot assume that this transport mechanism is of equal emcien y 
in all patients or even in all parts of the kidney parenchyma o 
given patient Reduction m tubular clearance may be afiected as w 
by the impaired extraction as by reduction in blood flow 
It IS not difficult to imagine many conditions m which 
extraction capacity may be so diminished that plasma clearance 
far short of actual plasma flow Sodium tartrate unni^ 
carbon tetrachloride''^ liave been shown to produce this etiec 
doubtless mercury does also We® felt that diminished tubuta 
traction of diodrast rather than reduction m renal plasma ov 
responsible for the high filtration fraction shown by some o 
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hj-pertensn e pahenls, although there is much good evidence that the 
same relative figures may be acbie\ed by efferent glomerular arteriolar 
constriction Corcoran and Page*® accept the plasma inulm clear- 
ance as a true measure of glomerular filtration rate and tlie plasma 
diodrast clearance as a true measure of renal plasma flow in chronic 
glomerulonephritis and malignant h>’pertension but say that "the 
equivalence of plasma diodrast clearance with effecbve renal plasma 
flow IS invalid in conditions of widespread tubular renal injury” Al- 
though the relabonships between urea and mulm clearances are 
usually well maintained in renal disease, they occasionally approach 
unity, a circumstance attnbuted to diminished urea reabsorpb'on 
rather than to backward diffusion of inuhn It is apparent that in 
man} mstances of sev ere tubular damage the clearance of diodrast or 
hippurate ma} fail to give an even approximate index of renal blood 
flow®® 

These cnbcisms have been recognized and apparently answered 
by Smith” who points out that clearances must be interpreted in 
relabon to the mass of funebonmg tubular bssue In Bnghts dis- 
ease the proporbon of excretory to inert tissue progressiv ely dim- 
inishes with the result that extracbon rabos also decrease, but the rabo 

pl asma clearance indication of the amount of blood- 

Tm 

perfusing, funebonmg renal bssue The absolute clearances may then 
be untrustworthy in disease but they continue to have significance if 
considered in relation to the separate assajs of tubular funebon 
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UNNECESSARY ABDOMINAL OPEILVTIONS FOR PATHO 

LOGIC LESIONS OF THE GENITOURINARY' TRACT 

Mims Gage, M D , C S • axd J B Fvoyd Jn , M D f 

Tire clinical manifestations of pathologic lesions ongmating m the 
genitounnarj tract so closelj mimic lesions of the intra abdominal 
viscera that imnecessar) laparotomies with sacrifice of abdommal 
organs are done all too frequently Cabot once stated that the most 
common operation for stones in the nght ureter is appendectom> It 
IS not of rare occurrence to examine a patient who has bad one or 
more abdominal operations for the relief of abdominal pam onU to 
discover that a lesion of Uie kidne>s or ureters has been the cause 
of the pam and the long unrelieved morbidity Some patients have 
suffered for jears from recurrent abdominal pain losing their ovanes 
and tubes, appendu or gallbladder and obtaining complete relief 
only after a ureteral stneture has been dilated or hydronephrosis or 
p>onephrosis has been adequate!) treated 
Dr Edgar Burns of the Department of Urology of the Clinic has 
observed that over 40 per cent of the patients wath anomabes of the 
genitourinary tract visiting the department have had abdominal opera 
tions not onl) vvathoiit relief of s>'mptoms but with definite progression 
of the iirologic disease A review of the literature reveals similar sta 
tistics regarding unnecessary abdominal operations for the relief of 
abdominal pain due to lesions confined to the unnar) tract 
Kruse 1 WTiting on Hunners ulcer, stated that half of his first ei^t 
pahents had extravesical operations without relief WnghF observed 
that in Hunners senes of ureteral stricture 30 per cent of the patients 
had abdommal scars from misapplied surgery Browai and Wahe 
fields reported two cases of pabenls wath 1)131031 prolonged gallblad 
der S)’mptoms m whom removal of the gallbladder gave no relief 
Both pahents had stones m the nght kidney and obtained complete 
rebef after their remov al Campbell* reported 213 cases of abdommal 
pam m children with urologic disease Fifty per cent of these had 
acute or subacute unnar) infeebon of the latter cases fourteen were 
diagnosed as acute appendicibs and thirteen had previous appendec 
tonnes Without reUef Caulk® found that 27 per cent of his pahents 
xvith renal or ureteral calculi or both had had appendectomies with 

, die Department of Surgery TWane Uai%ersit> School of Medicine and 
® of Surgery Ochsner Clmic IVew Orleans 

,, ^iof«$or of Clinical Surgery Tolaije Umversity School of Medicme and 
11*^* on General Surgei> Ochsner Chnic 

T elJow m General Surgery Alton Ochsner Medical Foundabon New Orleans 
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out relief from pain In Cecils* senes of SOO cases of urologic lesions 
28 per cent of the patients had stones m the kidney or ureter pro 
ducmg abdominal pain as tlie predominating symptom 20 per cent 
of these had had abdominal operations without rehef Martm and 
Chynoweth^ m a review of 400 consecutive patients with urologic 
disease wrote that 50 per cent of tlie patients sent to the urologic 
department for cystoscopic data liad come for some trouble other 
than that of the Ldneys and that 50 per cent had more abdominal 
than genitourinary sjanpioms Tliey also stated that 25 per cent of 
cases of renal disease with abdominal symptoms are incorrectly diag 
nosed Martin ® discussing hydronephrosis stated that when the lesion 
was on the right side the most common diagnoses were appendicitis 
disease of the gallbladder or lesions of the tubes and ovaries and that 
following removal of these organs without relief the patients were 
then treated for such conditions as neurosis lumbago ptosis or in 
digestion Masscnburg® reported a case of left pyohydronephrosis 
with abdominal pam in which appendectomy and later uterine sus 
pension w ere done without relief O Neil reporting his cases of 
urologic disease at the Massachusetts General Hospital stated that 
25 per cent of the patients with ureteral calculi operated upon for 
the stones bad had previous operations /or appendicitis or some other 
supposed intra abdominal lesion without relief Braasch'^ found that 
one third of his 143 patients witli renal stones had bad unnecessary 
laparotomies He reported some \ery interesting findings m his series 
Eighty three of the patients had stones in the right kidney fifty five 
in the left kidney and five m both kidneys There were twenty three 
patients with stones m the left kidney who had had either appw 
dectomies or choice) steclomies without relief of symptoms In 
Cabot s*”" 157 cases of stones m the kidneys or ureters or both hventy 
SLY had the following unnecessary laparotomies without relief 
dectomy ten exploratory laparotomy seven fixation of the ki ney 
four operations for gallbladder disease one and decapsulati^ o 
the kidney salpmgo oophorectomy suprapubic cystotomy an re 
mov'ii of tdhesions one each 

From this brief review it can readily be seen tliat 25 to 30 per cen 
of patients with pathologic lesions of the kidneys ureters or o 
liave had previous laparotomies for nonexisting lesions of me a 
dommal viscera A large number of these improperly treated pa i 
have been attended by the average surgeon who specializes m g 
surgery but also does general practice The percentage cited , 
doubtedi) low it probably would reach 33 to 40 per cent as a ge 
average 

That urologic disease constantly manifests itself chnica y 
acute or chronic abdominal lesion has been reported by mmy 
Atherton’® reported a case of a urologic lesion of the upper 
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tract producing pain m tlie upper nght quadrant of the abdomen 
simulating gallbladder disease Bro\\’n and ahefield^ reported se\eral 
cases of reml stones in ^^lucIl the clinical s\'inploms suggested disease 
of the gallbladder and remoMl of the gallbladder ga\e no relief In 
this same paper thej discussed tlie “enterorenil sjndrome of \Iajo,” 
which is a condition seen m elderlj pabents who have signs and svmp- 
toms of mlestinal obstruction, accompanied b> an elevahon m the 
blood urea nitrogen content and a decreased urmarj output The\ 
reported two cases, m hotli of whicli recovery ensued, m one instance 
followang conservative treatment and in tlie otlier after evploration 
Campbell* Jicheved lint the urologic Itsions whicli cause abdommal 
s>-mploms are predommatelv obstructive in character and that grave 
urologic lesions with abdominal pain mav exist despite the presence 
of normal unne This certainlv adds confusion to the accurate diag 
nosis of urologic diseases 

In Cecil s'* 300 cases of lesions m the upper unnar> tract there w ere 
a large number m which tlie pain was limited to the abdomen 
Twentj eight per cent of the cases walh stones m the Jadnev and 
ureter had abdominal pain without pain m the back In 26 cases with 
tvpical back pain referable to the kidnev, pain wus also referred to 
the abdomen, in two of Uiese cases the abdommal pain was diffuse 
In fort) cases of tuberculosis of tlie bdne>s there were seven cases 
with no pain m the back, die pain being limited to the abdomen Cecil 
listed the percentage of urologic lesions that presented clinical s>inp- 
toms of abdominal disease wnthout back pain as follows stones in 
the kidnev and ureter, 23 per cent, renal tuberculosis, 173 per cent, 
PJ elonephntis, 5 5 per cent, h) dronephrosis 15 per cent, and tumor 
of the kidnev, 50 per cent (small senes) The most common site of 
referred piin was the gallbladder and appendix Stone according 
to Braisch ** reported 251 urolocic cases in which pain and ten 
demess in the kidnev region was present in onlv 117 In twentv 
VK cases pam was abdominal and generalized Pam was referred to 
the g^bladder m durt) cases, to &e lower abdomen m ihirtv two 
oases to botli sides of the abdomen in fiftv six cases to the affected 
side of the abdomen in fort) cases, and to the contralateral side of 
the abdomen in swteen cases Squires and Bateman*® described a 
retropentoneal sv-ndrome” from reflex action of the gastromtestinal 
tract from stimuh arising in the bdnev and passing through the cehac 
pleras In ninet> ei^t cas« of this sjmdrome they found 50 per cent 
'vath gastromtestmai s)Tnploms and 25 per cent wath no S)’mptoms 
of renal disease Marbn and Cb)’noweth* found that m 400 urologic 
rases onlv 80 per cent presented the classical urologic s>-inptoms 
eacock and Ham*® m a studv of sev entv six cases of ureteral stne- 
ure slated that 29 per cent of the patients had a dull pain in the ab- 
lomen simulating abdommal disease 
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Why should 'i pathologic Icstoa of the genitourinary tract manifest 
Itself without symptoms pertainmg directly to the lesion but with 
refie>: symptoms which are entirely abdominal m character? The chief 
symptom in both intra abdominal lesions and urologic diseases is pam 
This pam is due primarily to involvement of either the somatic or 
sympathetic nervous systems or both and secondarily to involvement 
of contiguous organs or structures The viscera m both the abdomen 
and the genitourinary tract are either sohd or hollow The hollow 
viscera are composed almost entirely of neuromuscular tubes whose 
function IS secretory, absorptive and excretory The solid viscera also 
liave the same function They not infrequently contain .vvithm their 
parenchyma tubes lined with epithelium The gross difference be- 
tween the .hvo is that the solid vnscera are encased in a compara 
tively unyielding fibrous capsule whereas the hollow viscera are 
elastic and yield to increases of pressure Both the solid and hollow 
viscera are suppbed by similar nerves and have similar blood supply 
and lymphatic drainage Therefore, they are closely if not intimately 
associated with each other The sympathetic nerve supply to both Ae 
genitourinary tract and abdominal viscera has a common dispatcher 
or mlergrating point, the celiac ganglion and celiac plexus The latter 
IS a composite of the splanchnic and associated plexuses Thus pam 
from lesions in the genitourinary tract and the abdominal viscera maj 
be widespread and irregular because of intimate integration of both 
the somatic and sympalhebc receptive fibers The pam originating 
from the kidneys and abdominal viscera is referred to the tenth 
eleventh and twelfth dorsal and the first lumbar spinal segments 
The stimuli again may be distributed up and down the spinal cor 
to many segments before being relayed to the brain Another source 
of stimuli IS that the kidneys and ureters are in close association 
anatomically with the parietal peritoneum (with its sensory nerve 
supply) the hepatic and splenic plexuses of the colon the duodenum 
and the ileohypogaslric, ileo inguinal and lateral cutaneous femor 
nerves That the symptoms of both the abdominal and urolopc 
can mimic each other is understandable from this cursory descnp o 
of the anatomy and associated anatomic relationships with other 
portant organs and structures 

It would appear that the mechanism of production of pam m 
urologic tract is similar or identical to that m the abdornmal cw 
Pam IS produced pnmanly by obstruction which may be acu e 
chronic in character Obstruction of the ureter if sudden no o 
causes dilation of the ureter but also of the distensible comj^n 
of the kidney Since the ureter is well as the cljjn 

endowed with peristaltic activity, the pain produced ® ^ ^ If 
to the lumen of each is characteristically intermittent or co 
the obstructing process is gridinl the pam is more of n ^ n 
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which also may or may not be intermittent. The character of the pain 
and its ch'nfml manifestatioiis may vsry from time to time depending 
upon the intensit}* of the dflation of both ureters and Iddnej’s and 
e\-en the bladder. Acute obstructions of the uxolo^c tract may be 
doe to either infection or renal or ureteral stones, or both. Chrom‘c 
obstruction is produced bj' either stones or stricture or both asso- 
ciated with subacute or dironic infection. In the solid ^-iscera the pain 
is produced, in the majoriri* of instances, b\- infection of the paren- 
chjma and tubular components or new mowth s which distend the 
onrielding fibrous capsule, and the pressure is secondarily offered to 
the arteries, veins and ners'es producing somewhat of a vicious cycle. 
The character of the pain is dull and more or less continuous. Hmr- 
e^•e^, acute distention of the parcnchjma wiH in turn produce acute 
pain, which is continuous, whereas that of the hollow xiscera (ureters, 
small and large bowel and biliary* ducts) is intermittent. Therefore, 
pain from lesions of the kidnw or ureter at the pelsac function is not 
infrequently referred to the right iipper quadrant of the abdomen, 
simulating the pain of acute pathologic processes of the gallbLidder 
and ducts or ruptured peptic ulcer. On the other hand, if the lesion 
is low in the ureter or bladder, the pain may be referred to the ap- 
pendix. sigmoid or female generative organs. Pain from lesions of the 
seminal vesicles may also be referred to the appendii or sigmoid. The 
slowly progressive lesions occurring in the upper or lower portions of 
the nrinarj* tract produce sjinptoms referable to the abdomen simu- 
lating diseases of the abdomen, Le., gallbladder, pancreas, appendix, 
sigmoid and female adneia. The signs and symptoms common to 
acute lesions of both the abdonoinal and urologic ^ascera are pain, 
anorexia, nausea and N-oouting, abdominal ripditj*, distention, fex'er 
and leukocytosis; in chrom'c lesions tfaej* axe pain, anorexia, disten- 
tion, loss of weight and anemia. 

According to Connell,*’ the renal lesions which are likely to be 
confused with mtra-abdonunal lesions are renal or ureteral stones, 
Dietls crisis, unilateral hematogenoos uifection, uremia, perinephric 
abscess and pc’clooephritis. Braasch** stated that m his 251 cases of 
kidney stone, only 117 had tjpical pain and tenderness in the Indney 
region; general abdominal pain was present in twenri'-six cases, pain 
referred to the gallbladder in thhtj* cases, to the lower abdomen 
in diirt}--two cases, to both sides of the abdomen in fortj’ cases and 
to the unaff ected side of the abdomen in sixteen cases. 

In CampbelTs* 'series of 213 cases, o:^’er 50 per cent had an acute 
or subacute urinaiy infection that was suspected at once or after 
M early exammation. Howe\’er, he pomted out that grax-e urologic 

esions may be present despite tiie evidence of normal urine. He afro 

■ ha.< ghen an eiceUent classiScUion cf tlie lesions of the genito- 

tract wbidi may prtxijce abdcsnrnal symptoos. 
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suggested that in patients with liwver abdominal pain, the presence 
of vesical residual urine should be detennined 

According to Eisendrath’® the urologic lesions that mimic appen 
dicitis or upper abdominal diseases are (1) acute blocking of the 
outlet of the renal pelvis or upper ureter, (2) kinking of the ureter 
and torsion of the renal pedicle, (3) acute occlusion of the outlet of 
the renal pelvis or upper ureter by an anomalous vessel crossing the 
ureter and (4) acute infection of the kidney or its surrounding fat 
with or without stones Those that simulate appendicitis are (1) 
ureteral calculi in the iliac or pelvic portion (2) ureteral strictures 
in the iliac or pelvic portion, (3) iiretenl kinks (abnormal renal 
mobility) (4) chronic nephritis of the painful type (nephritis do 
lorosa), (5) passage of uric acid or ovalatc of calcium crystals (6) 
tabetic ureteral and renal crises (7) ureteritis (usually associated 
VMth pyelonephritis) and (8) seminal vesiculitis with secondary in 
voKement of the ureteral wall Lesions imitating symptoms of ab 
dominal tumors are (1) iliac renal ectopia (2) pelvic renal ectopu 
(3) crossed (fused) ectopia, (4) horseshoe kidney and (5) unilateral 
double kidnev Hertzler,'*'’ writing on acute localized infection of the 
kidney stated that the pam may be abdominal and simulate appeo 
dicitis gallbladder disease or perforation of a peptic ulcer of the 
duodenum or stomach He also statecl that the unne may show fesr 
or no changes 

Jablons in discussing the retroperitoneal syaulrome stated that 
the innervation of the gaslromtcstmal tract arises from the same cen 
ters as that of the kidney and ureter and that the gastrointesWi 
tract IS supplied by the vagus nerve celiac plexus and syrnpatnetic 
fibers which tra\ erse the greater and lesser splanchnics In the ccluc 
plexus reflexes are set up by impulses originating in the kidney ureter 
or posterior parietal peritoneum This explains the reflex abdomina 
symptoms from urologic lesions because the urologic symptom comp 
is submerged by the predominant abdominal signs and symptoms 

Squires and Bateman’® reported ninety eight cases of renal disws 
50 per cent of the patients had gastrointestinal symiptoms an 
per cent had no symptoms of renal disease The R^istrointestina m^ 
festations xvere nausea x omiting pain, abdominal distention belc ^ 
heartburn epigastric distress, constipation or dianhea 
cases of pyelonephritis terminating in uremia sixteen gr 

symptoms, i e pam nausea and wmiling ” Enlargement of the i 
hematemesis and melena xvere only occasionally present 

In the short rex lew gi\ en in the preceding paragraphs ^ 
that almost any disease of the urologic tract from the 
penxenal hssues to the bladder, prostate and seminal 
mimic any one of the various pathologic diseased states o 
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uithm the abdomen This becomes increasingly true when the signs 
and symptoms are lacking in urologic disorders^ c 7 20 21 23 21 23 
It therefore becomes of paramount importance to make an accurate 
difFerentnl diagnosis if unnecessary operations are to be prevented 
In the majority of instances an accurate diagnosis of urologic disease 
can be made proMded one constantly keeps m mind the abdominal 
mimicry of genitourinary disease, takes a most careful history and 
does a complete physical examination Carefully selected diagnostic 
laboratory procedures should be included to establish the diagnosis 
It IS impossible and not desirable to give the clinical manifesta- 
tions and differential diagnosis of each pathologic lesion of the genito 
unnary tract, but the causative factors and their delineations and the 
methods tliat will aid in the diagnosis will be discussed The urologic 
problems can be divided into tvvo mam groups— the acute and 
chronic, the latter being responsible for the greater number of mis- 
takes The acute conditions are due mainly to infection produced by 
both the coccal and bacillary groups of organisms In acute infections, 
the parenchyma, the renxal pelvis or both may be involved The in- 
fection may be superimposed on a preexisting lesion such as hydro 
nephrosis, chronic pyonephrosis with or witliout stones, or septic 
infarcts of Brew er The perirenal tissues may be involved by ruptured 
pyonephrosis, cortical suppuration or pcnnephnlic abscess Acute in- 
fections of the ureters, either ascending or descending with or with- 
out stones, may be secondary to acute infections of the bladder, kid 
neys or periureteral lymphatics 

The nomnfectious lesions produemg acute symptoms are primarily 
the result of a sudden block of the renal pelvac outlet or ureters The 
obstruction may be due to stones, anomalous arteries (upper pole 
arteries, 4 per cent, lower pole arteries, 3 per cent-®), ureteral strictures 
or ectopic kidneys 

The symptoms of acute lesions of the genitourinary tract are char- 
acterized by sudden onset There may or may not be chills, the fever 
IS higher than ttiat seen in abdominal lesions and the pulse rate is 
lo'ver The while cell count is biglier and more stable in urologic 
than m abdominal disease unless the latter is associated with complica- 
tions Nausea and v omiting are less common in acute renal lesions than 
in Ultra abdominal lesions Muscle spasm, when present, is of greater 
Y^gnostic importance than is pain or tenderness “ Moderate to severe 
1 eus may or may not be associated with acute infections, as a rule, it 
IS more common in the acute nonbacterial lesions In acute disease of 
6 infectious or nomnfectious type pain is due to obstruction (renal 
or Ureteral) of the outflow of urine In the nonbactenal form the pre 
symptom is pam, with little or no systemic reaction In 
.the pain may be of an intermittent or colicky type In cases 
ection the unne will, m all probability, reveal the presence of 



1254 


MU-iS cage; J B rLOYD, JR 


pus and bacteria However, in cases m which the ureter is blocked 
the infected material cannot be passed, therefore, the urine may ap- 
pear normal on microscopic examination According to CampbeU,^ in 
over 50 per cent of his cases of acute or subacute urinary infections 
the character of the lesion was suspected at once or alter an early 
examination In the nonbactenal acute lesions the urine may be with 
out patholo^c significance 

The laboratory mvesbgalions that will aid in diagnosis and pre- 
vent unnecessary abdominal operations are roentgenography, includ 
ing excretory pyelograms, retrograde pyelograms, and cholecysto 
grams, gastrointestinal studies, and thorough cystoscopic examinations 
Gastromtestinal studies and cholecystograms are more useful m the 
chronic than in the acute urologic lesions with abdommal symptoms 

The roentgenogram will reveal stones in the urologic tract, enlarged 
fccfneys and obscuration or obhterabon of the lateral bonier of the 


psoas muscle The most important findmgs revealed by excretory 
pyelograms pertain to kidney function, stones and distortion or block 
of the pelvis or ureters iTie excretory pyelogram is by far the simplest 
most rapid and most useful test m determining urologic disease al 
though It may soraebmes be necessary to supplement it by cystoscopic 
examination and retrograde pyelograpbic studies Nevertheless, even 
m very acute urologic or abdominal disease the excretory pyelogram 
can, m a few minutes, give aids m diagnosis that would eliminate im 
necessary operations In fact, I am so convinced of its diagnosbc value 
that I not only beheve but recommend that it should be a routine pro- 
cedure in all patients forty years or more of age The almost routme 
use of excretory pyelographic studies m both the army and urologic 
clinics has demonstrated a high Incidence of anomaUes of the urologic 
bact which in the past have been overlooked In cases m which acute 
ileus IS Secondary to urologic disease and simulates intestinal obstruc- 
tion, the roentgenogram is of definite value in differenbal diagnosis 
In acute ileus associated with genitourinary disease, gas can be seen 
in both the distended small and large bowels, whereas in ileus 
mg in the gastromtestinal tract, gas is present only in the small bowe 
Gas and fluid levels are more commonly associated with ileus ansmg 
m the mtestmal tract 

According to Eisendrath“ the most common abdominal diagnosis 
m the case of urologic lesions is appendicihs The appendix is 
erroneously removed in from 10 to 30 per cent of cases The 


to remove as the lumbar sympadiebcs, herniated disK, oi uiv 
bladder, the frequency of error would be pracbcally ml 
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CONCLUSIONS 

In re\iewmg the hter'iture on the nbdominYl imnifest'iUons of 
urologic lesions, an attempt his been made to e>:phm the peculiar 
sj-mptomatology upon an anatomic and neurophysiologic basis The 
interrelationship of the somatic and sympathetic nerve supplj of botli 
the urofogic and the gastrointestinal tracts explains the abdominal 
reflex symptoms from urologic disease It should be remembered that 
uhen there exist both urologic and abdominal sjauptoms the latter 
not infrequently oiershadow the former In from 30 to 40 per cent 
of cases of urologic disease the signs and sjauptoms arc abdominal 
and not genitourinary and less than 50 per cent of patients with 
urologic lesions exhibit classical genitourinary symptoms The abdom 
inal symptoms of acute and chronic urologic lesions so closely mimic 
abdominal disease that from 20 to 30 per cent of patients with urologic 
conditions have had pre\ lous laparotomies not onl> wathout relief but 
with progression of the urologic lesion 

Eiery patient with abdominal symptoms and urologic manifesti 
tions houever slight must be thoroughly evaluated by both the sur 
geon and the urologist before abdominal section is advised Patients 
With indefinite abdominal pain should have a thorough urologic sur 
before the appendix female adnexa or gallbladder is removed 
The laboratory and roentgenographic studies (including excretory 
pyelograms) will give inestimable information which will prevent iin 
necessary removal of nonoffendmg abdominal organs A complete 
laboratory study of the unne in all suspected or nonsuspected urologic 
diseases will reveal sufficient pathologic states to warrant complete 
urologic surveys The high incidence of unnecessary abdominal opera 
hons for urologic lesions can be reduced or almost completely ehmi 
nated only by constantly keeping in mind those lesions of the gemto 
unnar) tract which closely or completely mimic acute or chrome 
lesions of the intra abdominal organs 
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THE PATHOLOGY OP GEWTOUniNAnY ^EOPLASMS 


John C HENTiioiwr, M D, MS (Path )** 

To understand the nature of tumors it is important to Vnow their 
cliaractenstic gross and microscopic appearance, to recognize the vari- 
ous anatomic complications produced by them, and to be famdiar 
with a fe\v of tlie theoretical considerations which recur in scientific 
discussions regarding them This discussion is concerned primarily 
wth tumors of the hidney, renal pelvis, ureter, urinary bladder and 
prostate gland Carcinoma of the prostate gland is the only genital 
tumor included in this communication 

KIDNEY 

The commonest and most intereslmg tumor of the renal paren 
diyma is the malignant growth derived from renal epithelium and 
best hnown by the name hypernephroma It occurs predominantly in 
men o\er 4S years of age The hypernephroma is interesting because 
it IS grossly and microscopically distinctive, because, although it com- 
monly follows a stereotyped clinical pattern, symptoms from meta- 
static growths may be dramatic and bizarre, and finally, because it has 
been die subject of an ac<ademic controversy for a number of years 
Grossly, the hypernephroma may involve the Jcidney at either pole 
or at any point behveon the two poles with no apparent predilection 
for any one site It bulges into the capsule and often into the renal 
pehis as a result of which the classical symptom of painless hematuria 
IS produced, less commonly, it may invoKe the renal vein The latter 
■inalomic comphcalion of renal tumors is important because, as shown 
by McDonald,^ involvement of the renal \ein increases the gravity of 
the prognosis Tillisch and co worlvcrs** have reported cases in which 
the tumorous thrombus extended from the renal vein into the inferior 
'■ena cava and heart It is possible that many of the bizarre metastatic 
tumors onginatmg from hypernephromas are the result of invasion of 
the renal vein and subsequent hematogenous spread of the growth 
Among the unusual forms of metastasis are those often located in 
bones These may give rise to initial symptoms caused by the second- 
aty grow'th such as pathologic fracture when the primary tumor in 
the bidncy has remained clinically silent Such cases may not be com- 

From the Department of Pathology, Tulane University School of hfedicme 
Department of Pathology Ochsner Chmc, New Orleans 
u Professor of Pathology, Tulane University School of Medicine and 
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mon but they are sufficiently dramatic so that probably a dispropor 
tionate number have been recorded 
Th- - ‘ c xt. , . 1 

ance 

hemo 

a brilliantly yellow, ■ ’ • ' * ’ 

or darker brown her 

in more scirrhous ‘ i ' 

gross picture occur One of these is the tumor which contains less 
lipoid and is consequently not as yellow, and the other is a paptllif 


Fig 511 — Hypernephroma of lower pole lovolvement of a medium sized lena 
vein Is apparent on the left 

erous cystic tumor which often contains appreciable deposits of cJ 
cium salts The latter lesion seems to be a slow groiving or low ^ 
hypernephroma but is given an especial designation such as pap ^ 
adenoma by some authorities Higgms’ has reported a group o 
adenomas . . 

Microscopically, the usual picture m hypernephroma ° 

cells in papillary or aheolar arrangement invested by a delica e r 
ular lacework of stroma The dearness of the cells has 
adequately explained because it is apparent that hpoid accum 
alone do not account for this pecubanty Fite* has called at en 
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glycogen deposits in these cells and it is probable that this observa 
bon will prove helpful w explaining the clear cells Less chiractens 
tically, tlie cells may contain a browTiish pigment 
\^anations in the degree of anaplasia of hypernephroma cells have 
been observed by Hand and Broders,® who classified 193 cases of 
hypernephroma into Broders four grades of malignancy, they found 
that, as tlie degree of anaplasia increased, tlie prognosis became 
poorer In their senes, 50 per cent of the tumors were of grade I or II 
malignancy, the slower growing vaneties This is somewhat surpns 
ing in view of the common impression tJiat the hypemepliroma is an 
especially "wild tumor, and it is apparent that in some cases the 
dramabcally malignant aspects of the tumor have been overempha 
sized 


Other variaUons in the standard microscopic picture just described 
are seen when the cells are not clear— the dark cell type The darker 
cells seem to occur perversely without good reason irrespective of the 
degree of anaplasia of the tumor Another variation is that the tumor 
may be polymorphous It may resemble tlie sarcoma in some areas, 
the angioma in others and the typical hypernephroma m still other 
regions In fact, tlie polymorphous character of hypernephromas is so 
outstanding that some authorities list the variations of form that may 
be present m a single tumor as one of the cliaractenstics of this spe 
cific form of neoplasm 

The hypemephromi was named by Grawjtz,® who conceived the 
riame because he postulated that the tumor was derived from cell 
rests of adrenal gland tissue in the kidney He was soon opposed bj 
StoercV who insisted that the tumor was derived from renal rather 
than adrenal cells Sloerck^ and Wilson® ® who, among others, trans 
lated the controversy into the American literature, disproved most of 
Grawitzs contentions and although Gravvitz still has a few distin 
guished supporters, the majority of authonbes now concede that this 
characteristic tumor of the kidney is derived from renal cells rather 
than fiom adrenal rests as Gravvitz supposed 
Those who adhere to the renal cell origin of this tumor are placed 
a disadvantage by the tenacity of the name 'hypernephroma,' 
which has estabhshed itself in spite of the best anatomic evidence 
^at the prefix "hyper," which implies adrenal ongm, is a misnomer 
Those who have attempted to substitute other designations such as 
aaenocarcmoma of the kidney, nephroma malignant nephroma or 
Ten'll cell carcinoma are eventually compelled to explain that the 
name used really means the “so called hypernephroma A simple, if 
not logical, solution would be to retain, without explanation or apol 
®8y> the term hypernephroma as a distinctive name for a distinctive 
and discard the Gravvitz theory of origin from adrenal rests 
t IS evident that pathologists are loathe to abandon the Gravvitz 
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tlieory entirely because from tune to time there is recorded an occa 
sional case of renal tumor which, because of its close resemblance fo 
adrenal cortical tissue, is said to be a “true’ hypernephroma demed 
from adrenal rests as distinguished from the ordinary hypernephroma 
derived from renal tissue Higgins,* for instance, recorded an en 
docTine effect, notablj hypertension evidentl) produced by one of 
the SIX cases of adenoma which he reported, and Mitchell and An 
grist’® described cases in whicli there was anatomic evidence of 
derivation of hypernephromas from adrenal rests 

This ancient controversy might be summarized by stitmg that the 
remaining points m favor of the Grawitz theory are (1) a tenacious 
name, (2) the presence of lipoid in the cells of both the hypemeph 
roma and the adrenal corlet, and (3) the fact that adrenal rests do 
occur m the ladney Tlie weakest features of the Grauitz theory are 
the facts that (1) even those tumors which most closely resemble 
adrenal cortex anatomically have not produced endocrine disturbances 
except possibl) the case reported by Higgins, and (2) hypemeph 
romas resemble small adenomas of the renal cortex more closely than 
they do adrenal rests It is evident that adenomas of this t>pe are oe- 
rived from renal cells and that hypernephromas are derived from 
adenomas, because as Bell’^ and TtmUe’* have stated, any sharp line 
of division of reml tumors into adenoma on the one hand and hyper 
nephroma on the other is purely arbitrary since the rehtionship is 
close 

The two benign lesions of the kidney, adenoma and adrenal rests 
have been mentioned vo often m the ^scussion of hypernephroma 
that a description of these smaller and less significant nodules seems 
pertinent The adenoma can be found only when the capsule of the 
kidney is stripped and tlic cortex searched for suspicious yellow no 
ules which may vary in size from a pin point up to 4 cm m diameter 
All those over 4 cm in diameter are arbitrarily designated as hyp^r 
nephroma Most of those encountered are less than 05 cm m 
eter The cortex must be scrutinized carefully and suspicious 
nodules sectioned Usually the adenoma is found on tiie surface, 
occasionally one that has not reached the surface may be foun on 
section This latter type may reseaible an abscess except tha e 
contents are solid . 

Microscopically, the adenoma is usually papillary and of dar 
rather than clear cell type Deposits of calcium salts are conOTon a 
are said to indicate slow growth The cells and especially the 
are small and unifonn in character Less commonly, 

oma 

■ the 

tumor IS usually found adjacent la normal renal parenchyma 



PATIlOLOCy OF CENirOOBlNARY NEOPLASMS 

ittle or no capsule interposed The golden >ello\v color of these 
umors seen grossly is not easily explained on the basis of the micro 
copic appearance because it is difBcull to demonstrate hpoid in these 
umors but lipoid material similar to that found lu hypernephromas 
las been demonstrated m some adenomas and it is probable that the 
ellow color is due to hpoid content 

If a careful search is made for adenomis they can be found in 
ibout 10 per cent of kidneys in adults Trinkle*” thought that they 
Dccurred more commonly m scars and in scarred kidneys than in 
normal kidneys It is apparent that adenomas like hy'pemephromas 
nre found more commonly as age ad\ances 



F«g 512 —Wilms tumor This tumor was bilateral and the major involvement was 
on the opposite side 

The presence of adrenal rests m the kidney and along the struc 
tures which lead from the adrenals to the gonads is explained by the 
cmbryologic origin of the adrenals kidneys and gonads from the 
JT^esoderm of the mesonephric ndge It is apparent that bits of adrenal 
cortical tissue may be carried do^vnwa^d by migration of the gonads 
or may develop as adrenal tissue on the surface of the kidney Such 
Its of adrenal tissue or rests are rarely observed m association with 
c gonads and are usually discovered by chance 
Adrenal rests m the kidney occur as small plaques of adrenal cor 
ca tissue on the superior pole and may be found as bright yellow 
orange spots after the capsule has been stripped The incidence of 
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adrenal rests seems to be the same for rfjildren as for adults and has 
been variously given as from 1 to 3 per cent Microscopically tlie rest 
IS composed entirely of adrenal cortical tissue and is so intimately 
associated with the renal substance that an occasional renal tubule 
may be noted m the center of the adrenal cell mass The cell rest 
does not contain tissue of the adrenal medulh Occasionally the en 
tire adrenal gland may be attached to the superior pole of the kidney 
This latter anomaly is called heterotopia 
Wtlms tumor of the kidney is less common than the hypemeph 
roma In the 117 cases of malignant tumor of the kidney reported by 
Bixler and his associates there were ninety four cases of carcinoma 
of the cortex and thirteen cases of Wilms tumor According to ^Wisel, 
Dockerty and Pnestley 204 per cent of all malignant tumors occur 
ring in children are Wilms tumors Although this neoplasm is prob- 
ably the commonest single variety of mabgnant tumor found la chil 
dren it occasionally occurs in adults In \\ eisel s senes of forty fovi 
chiefly surgical cases none of the Wilms tumors were bilateral al 
though bilateral Wilms tumors have been reported at necropsy An 
example of bilateral Wilms tumor encountered at necropsy ” 
troted m Figure 512 In this case a large tumor appeared 'n 
kidney and the photognpli shows the tumor m the right kidney wnicn 
was removed at necropsy , 

Grossly IViIms tumor is homogeneous white or pink and encep 
aloid Areas of hemorrhage and necrosis occur The tumor grows rap 
idly and mav metastasize readily Microscopically the most wara^ 
teristfc cell is a mesodermal fibroblast which may differenbate in 
renal tubules or ghnduht structures The cellular tumor rompos 
of mesenchymal cells and glands is characteristic and closely resem 
bles the structure of the outer edges of the renal cortex in the 
fetus prior to the seventh month of gestation In some Wiims m 
there are striated muscle fibers and other mesodermal elements e ^ 

latter elements are most easily seen microscopically when the * 
tumor has been treated preoperatively with roentgen therapy 
such circumstances the roentgen rays destroy mast of 
mesodermal cells of the tumor and leave a residuum oi the 
better differentiated tissues , a be- 

lt is generally supposed that the Wilms tumor does not nav , 
nign tumor in close rehtionshjp to it such as the relations p ^ 
the adenoma bears to hypernephroma but there is a ^ 

fibrous tumor occurring in the kidney which is a nuxture o 
ferentiated mesodermal elements “niere is no evidence ^ 

that the fibroma of the cortex of the kidney is a slowly ^ 
early Wilms tumor but the presence of multiple tissues o ine 
origin indicates that the fibroma is distantly rehteu to 
tumor 
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Grossly, the fibroma of the cortex is a tiny, white lesion encountered 
when the capsule of the kidney is stripped. Part of the tumor adlieres 
to the capsule but the greater part remains in the cortex of die kid- 
ney (Fig. 513), Microscopically, this tumor is composed chiefly of the 
adult type of collagenous fibrous tissue but it also contains occasional 
renal tubules, smooth muscle cells, adipose tissue and perhaps other 
mesodermal elements, all completely differentiated. It evidently has 
no clinical importance. 

Other benign tumors of the renal parenchyma occur. Lipomas are 
not common. Ftbromas, often myxoid in character, are occasionally 
encountered in the pyramids of the renal medulla. According to Bell,*^ 



fibroma. Tbree fibromas are present but only one is clearly 
iUusiraled, 

Aese are probably not true neoplasms. They never e.xceed 1 cm. in 
diameter and apparently never become malignant. 

Hemangiomas of the kidney may produce hematuria assumed to be 
essential’ because of normal urograms. Cases have been reported by 
hives and PooP* and Rottmo and Mohan.i® Bell has reported that 
One such case occurred in 30,000 necropsies in his experience. 

Sarcomas of different varieties occur rarely in the kidney. A con- 
'^enient reference is Rademaker^’ who has reviewed the literature. 

t is possible that an espcdal form of carcinoma of the kidney witli 
! * in the tubules of the renal medulla may occur. Small alveo- 
ar neoplasms which do not fit ordinary classifications of renal tumors 
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occur rarely in the region of the hilus of the renal parenchyma Since 
the collecting tubules of the medulla have a diilerent embryologic 
origin from tlie tubules of the cortex it is probable that a distiDcti\e 
tumor derived from the collecting tubules will e\entually be d]sco^ 
ered if it has not already been descnbed 

RE^AL rEL> IS 

FaptUanj transitional cell carcinomas of tlie renal pelvis are em 
bryologically and morphologically related to tumors of the bladder 
They may be warty papillary tumors or they may be more sessile and 
mfiltrabng McDonald and Pne5lle>‘* ha\e reported sevent) five cases 



F g 514 Pap llary care noma of renal peUis Spread do n the ureter u appare 


m which they noted that the prognosis is influenced by the degree 
anaplasia of the tumor and by whether or not the renal vein 
involved j 

It IS hnown that p ipillar> tumors of the urinarj tract 
down the ureter into the bladder and even into the urethra “ , 

process by which this spread takes place is not clear!) uo er ^ ^ 
McDonald suggests implantation lymphatic spread and carcinOs ^ ^ 
imtahon of the urinary epithelium as three possibilities e 
also suggests the possibility that a disease of uroepithelium v 
to a carcinogenic agent may be a factor in the seeding of 
growths along the urinary tract Figure 514 ill isfrates the npp 
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of slia^gy papilbrj himors of the renaJ peh is extending down into 
the ureter It is essenlnl th^t urologists understand this t>'pe of 
spread so tliat they will inxestigate the entire urinar> tract if a papil 
Jarj tumor is found m some portion of it It is also essential to under 
stand this principle of spread if operations on the kidney are going 
to be sufficiently radical to include ureterectomy with nephrectomy in 
cases of carcinoma of the renal peKis 

URETER 

Primary itivwrs of the ureter haxe been reported recently by Barnes 
and kawaichi,”'' Kraus"’ and McMahon-- Recently interest m endo 
metnosis imoKing the unnir^ tract has increased Recent references 
are 0 Conor and Greenhill Goodall-* Kretschmer- and Marshal!”® 

UR1NAR\ BLADDER 

Carcinomoi of the ttunary bladder occur predominantly in elderly 
men and are more common than carcinomas of the Iidney and ureter 
The pathologic picture of papillary carcinoma of the urinary tract is 
the same as that of the pelns, ureter or bladder Grossly, these lesions 
are composed of tentacle^like masses of papiDary tumor In the blad 
der there seems to be no tendency toward retrograde spread of the 
papillary growth and urethral implants do not seem to occur but 
multiple carcinomas of the bladder mucosa may occur and it is nppar 
ent that secondary tumors may appear on the portion of the mucosa 
xshich contacts the tumor when the bladder is collapsed— the “kissing 
cancer” Microscopically, the tumor is composed of transitional epith- 
elium xxhich surrounds a thin central core of connective tissue con 
taming a capillary 

In the lowest ^ade papillary carcinoma the transitional epithehum 
of the papillary pro/eefioa closely resembles the traasibon^ epithe- 
lium of the bladder and may differ chiefiy m that it seems more 
robust and less easily desquamated by handling than the normal In 
die grade II papillary carcinoma, the epithelium is thicker and the 
cells are more pleomorphic The papillary character of the grade III 
papiUan caremoma is less apparent and the pleomorphism and ir- 
polanty of cells are more sinking This tumor is nearly always 
wnltrating as well as papillary In the ^ade W carcinoma monster 
nuclear forms are present and pleomorphism of cells is extreme Some 
remnant of the papillary character of the tumor m'ly persist but this 
is p prominent feature of the tumor The nucleoh are large and 
stand out clearly in \ esicular nuclei m the higher grade tumors The 
notonous compheahon of lower grade transitional cell carcinomas is 
recurrence Higher grade tumors metastasize readily, lower grades 
less readily ^ 
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Squamom celt carcinoma of the urinary tract differs from transi 
tional cell carcinoma m that the former are keratmizmg tumors and 
form keratin pearls like the ordmary squamous cell carcinoma of the 
Iip Grossly, this tumor is usually a crater-hke ulcer and is infiltrating 
It metastasizes but does not appear to implant The squamous cell car 
cinoma of the urinary tract is supposed to arise from areas of leuko- 
plakia or keratinizing metaplaslic epithelium which m turn is kmown 
to be associated with urolithiasis or other chronic inflammatory dis 
ease The actual association of squamous cell carcinoma wtli leuko- 
plakia in the mucous membranes of the mouth is well k-nown, but the 
association of squamous cell carcinoma of the bladder or renal pelns 
with leukoplakia in these regions is more difflcult to demonstrate 
Howe\ er, the assumption of their association js reasonable m view of 
the microscopic morphologic picture of the hvo keratinizmg lesions 

Among malignant tumors of the bladder, there occur uni/sucl 
tumors that do not fit readily into ordinary classifications An exam 
pie of such a tumor is one of primary osteogenic sarcoma reported by 
Tremblay, Crane and Harris,*^ and another, apparently a carcinoma 
associated with sarcoma arising from the pelvic bones, reported by 
Shoemaker and Robertson'* Colloid (mucoid or gelatinous) car 
cinomas may be primary in the urinary bidder, and, when they 
occur, they are found in the dome Tins location is significant because 
colloid carcinomas occur in (he urachus and it has been assumed that 
colloid carcinomas of the dome of the bladder have their origin from 
the site of attachment of the urachus ” 

PnOSTATE 

Carcinoma of the prostate is a relatively common disease of the 
elderly Grossly, it is characteristically stony hard and yellow in color 
but actually it is rather diflScuIt to distinguish carcinomi of the pros 
tate grossly except in the more obvious cases and it has never been 
possible to make a diagnosis from gross inspection of surgical matena 
with any degree of certainty Clinical impressions obtained by recta 
palpation of the gland seem to be more consistently accurate than im 
pressions gained by gross pathologic examination 

Microscopically^ the dm^nsts of carcinoma of the prostate is no 
entirely easy because of a number of confusing factors Thei’c , 
proliferation of the epithelium around the urethra and that 
prostatic ducts around the urethra which is actually benign bu ^ 
quires some experience and care to distinguish from carcinoma 
tortion of prostatic acini by compression of contiguous 
inflammatory reactions must be interpreted with care On f ^ 
hand, the alterahons in caranoma produced by orchiectomy an 
bestrol are not completely understood so that the pathologist 
m some fear of missing, after such therapy, a carcinomatous gr 
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tthich miy have been obvious on a previous examination None of 
the established criteria for the diagnosis of malignancy e\ er seems to 
help in a questionable case, neural involvement is rarelj seen, and 
the cells of prostatic caranoma are so small that the ordinary nuclear 
and nucleolar changes charactenstic of manj vaneties of carcmoma 
do not appear in carcinomi of the prostate Fmall>, since prostatic 
mahgnancj commonly begins m the posterior part of the gland and 
the tissue removed by surgical operation is taken from around the 
urethra, the pathologist might be unable to demonstrate carcmoma in 
a case in which the clinical diagnosis has been estabhsbed by polpa 
bon of the posterior portion of the gland 
In spite of all these difEculbes there is a reasonable correlation be 
tween pathologic diagnosis, clmical impressions and follow up observa 
Uons Microscopically, the average carcinoma of the prostate is char- 
acterized by small glands lined wath small cuboidal cells in which the 
nuclei have lost their polaritj Tlus is a most important distmction 
because in the normal or hj'perplaslic prostate, the cells are tall 
columnar and the nuclei are arranged regularl> along the basement 
membrane with them long axes perpendicular to it The caremomatous 
glands infiltrate the smooth muscle and fibrous stroma of the prostate 
m such a way that the stroma is crowded and thinned Most cases of 
carcinoma of the prostate are graded II Some are lower grade, the 
glands m grade I carcinomas are larger but there is no real difficulty 
m distinguishing these from the normal because of hyperchromatism 
of the carcinomatous glands The more anaplastic eaxanomas are not 
difficult to diagnose because of diffuse infiltration by small, poorly 
formed glands and more evident pleomorpbism of nuclei 

Sini^IARY 

The gross and microscopic picture of the bemgn and malignant 
tumors of the Jadney, renal pelvis, urinaiy bladder, and prostate gland 
nave been discussed Some theoretic considerations concerning the 
ongin of these tumors and the possible relationships between certain 
of the benign and mahgnant tumors have been reviewed References 
given to some of the less common lesions that involve these organs 
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\\ E funmiEDCE, \I D F-A CS * and Moim\fER Sn.\-iri \! D T 

There are man) entibes which, although difFenng m their path 
olozic appearance, occlude the \esical neck, produce the same s\'mp- 
toms and e^entuall) cause identical changes m the bladder and upper 
unnar) tract. The pnnapal causes of bladder neck obstruction m 
adults are benign prostatic h%-pertroph\ carcinoma of the prostate 
contracture of the \esical neck or median bar and acute prostatitis In 
children the condition is produced b\ congenital salves of the pos- 
tenor urethra, congenital hvpertrophv of the vemmontanum and con 
genital contracture of the vesical neck In addition to the management 
of bladder neck obstruction due to these conditions the newer concept 
of the treatment of the neurogenic bladder in both sexes based on 
obstrucbon will be discussed. 


ETIOLOGY 

Benign hvperplasia of the prostate is seen most frequentiv between 
the ages of 55 and 70 ^ anous theories have been advanced to explain 
Its etiologv The artcrw^clcrottc theorv of the French was popular for 
manv vears It was accepted because hvperplasia and artenosclerosis 
occurred m pabents of the same age group but pathologicallv and 
dinicall) this theorv vvas evcnluallv disproved- Not all pabents with 
prostabc hvperplasia have artenosclerosis and v^ce versa. For a while 
the theorv vvas accepted but here again it vvas later 

proved that mflammabon, whether specific or nonspecific, plaved no 
role The neoplastic theorv is sbll isputed Some contend that the 
hvperplasia represents a true new growth and others that it is pure 
hvperplasia It is thought to stem from submucosal glands foimd be- 
neath the mucosa of the postenor urethra and tngone The endocrine 
theor) has been advanced more recentlv and for some vears manv 
t^logists have attempted to treat hvperplasia of the prostate with 
th#* male sex hormone and later the female sex hormone 
Caremoma of the prostate is seen m about 20 per cent of all cases 
of pros tatism.^ It most frequentiv onginates in the postenor lobe and 
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occurs usually after the age of 40 but most often behveen the ages of 
60 and 70 

Contracture of the vesical neck occurs at any age— congenitally in 
children and behveen the ages of 25 and 60 in adults It is due either 
to muscular hypertrophy of the Internal urethral sphincter (which is 
comparable to congenital pyloroslenosis) or to fibrosis of the \e$ical 
neck Urethral valves are congenital but an adequate e\planation has 
not been given for this embryonic defect 
The etiology of the neurogenic bladder is varied Trauma to the 
central nervous system, syphilis, acute inflammatory diseases of the 
spinal cord, tumors of the spinal cord, spinal anesthesia and spina 
bifida are relatively frequent causes Most urologists now agree that 
m the female there are glands situated in the posterior urethra mor 
phologically similar to the prostate - Such glands infrequently cause 
true bladder neck obstruction 

PATHOLOGY 

The pathologic appearance of benign prostatic hyperplasia or hjper 
trophy \ anes with the size and type of gland One lobe may be larger 
than another although the enlargement is usuallj uniform There arc 
seven possible lobes which may enlarge singly or in combination How 
ever, the three most frequently encountered hypertrophied lobes are 
the two laterals and the median Found hypertrophied less often are 
the Albamn, the anterior and the subtrigonal lobes The cut surface 
of the hypertrophied prostate is light m color Each lobe consistt w 
smaller lobules bound together by fibrous tissue Within the lobule 
there are smaller ones called spheroids Tlie hypertrophic or 
plastic tissue compresses the original prostate laterally to form the 
surgical capsule of the hypertrophied prostate , 

Most prostatic malignancies are adenocarcinomatous The grou 
IS usually limited by Denonvillier’s fascia but it does frequently w 
vade the seminal vesicles Its origin is usually in the posterior lo e 
and from there it invades the other lobes or spreads to the urethra 
bladder or rectum the urethra being the most frequent site or ima 
sion The most common regions of metastasis are the lumbar spins 
pelvic bones and deep pelvic Ijinph nodes Nerve trunks 
times involved and more rarely distant bone or visceral mefasfs# 
are observed , 

Median bar and contracture of the vesical neck are usually t e r 
suit of chronic inflammation at the bladder neck or m the pros a 
The bar, composed of fibrous tissue, stretches across the floor o 
mtemal urethral orifice and is covered by the epithehal lining 
bladder Contracture may be associated with median bar form 
and there is usually also shortenmg of the posterior urethra 
The same type of contracture as that encountered in adults is 
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congenitally in children. Posterior urethral valves of congenital origin 
appear as redundancies or folds of mucosa and are either attached to 
the verumontanum or are anterior or posterior to it. Occasionally, in 
children tlie interureteric ridge may become hj’pertrophied and pro' 
duce obstrucUon. 

Acute prostatitis, whether gonorrhea! or nonspecific in origin, pro- 
duces obstruction from a uniform swelling of tlie entire gland; occa- 
siouaUy, a true abscess cavity may develop vvitlun such a gland. 

In all types of bladder neck obstruction the pathologic changes in 
the bladder itself and in the upper urinary tract are familiar. There is 
first hypertrophy of the detrusor muscle of the bladder with thicken- 
ing of the wall. The wall of lire bladder becomes trabeculated as it 
attempts to compensate for the increasing obstruction at its outlet 
Small, herniated areas called cellules develop between the hyper- 
trophied muscle bundles. These cellules may develop into diverticula. 
Later, when there is residual urine, the constant intravesical pressure 
may become so great that the bladder dilates and loses its tone, tlius 
becoming decompensated, thin-walled and atom'c. 

As urine accumulates, infection frequently occurs and stones may 
form. As the intravesical pressure increases from greater retention of 
urine, back pressure is transmitted up the ureters to the kidneys due 
to destruction of the physiologic valve normally in operation at the 
ureterovesical junction. A reflux of urine up the ureters from the blad- 
der may also occur. In time, the renal pelves and infundibula become 
dilated and the calices clubbed. Later, the renal corte.x becomes com- 
pressed and thinned out with resulting loss of renal function; there 
may be an accompanying pyelonephritis. Pyonephrosis is the ultimate 
stage of this process. 

SYMPTOSIATOLOCY 

The symptoms of obstruction at the neck of the bladder vary with, 
the type, duration and degree of obstruction. The onset is frequently 
insidious. The first symptom is usually freqiienct/. The patient at first 
pays little attention to frequency during the day but as he begins to 
get up at night to void, his attention is immediately focused on the 
genitourinary tract. Later, there may develop difficulty in urination 
vvith hesitancy in starting, reduced stream, starting and stopping and 
terminal dribbling. Acute retention of urine may finally appear, often 
precipitated by weakness resulting from some other illness. Hematuria 
may appear as gross hemorrhage with clots rapidly filling the bladder 
or merely as a few drops of blood terminally. 

it retention of urine is of long standing, the patient often complains 
0 Weakness, lassitude, backache, pain in the legs and loss of appetite. 

renal failure occurs with high blood concentration of the nitrog- 
inoiis products, tjpical uremic symptoms supen’ene ending ultimately 
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m death If the urine is infected chills and fever dysuria renal pain 
and other typical symptoms of acute pyelonephritis may deselop 

Carcinoma of tlie prostate is essentially a silent disease untJ symp- 
toms of obstruction or metastasis occur Bone metastases or pressure 
on nerve trunks due to metastasis will cause backache pain in the legs 
and fiequently typical sciatic i which is undiagnosed unhl the pros 
tate is considered In the late stagM rectal symptoms are sometimes 
predominant Gross hematuria is infrequent Anemia weakness and 
cachexia constitute tlie end picture ts in all other malignancies 

Childien with congenital obstruction are often brought in for es 
immation because of a distended abdomen or because of strainiDg to 
void with dribbling and crying from the effort required The clinical 
picture may iinfortunatcly be vague at first and consist merely of 
intermittent pyelonephritis with gradually developing cachexia and no 
obvious evidence of bladder neck obstruction until late This fact em 
phasizes the necessity for a complete uiologic study on any child with 
a urinary infection or frequency 

The neurogenic bladder presents a vanety of symptoms There may 
be complete retention frequency and pseudo incontinence with coa 
siderable residual urine or a true and complete incontinence similar 
rectal symptoms arc usually also present Tlie history and physical ex 
ammation will indicate the underlying ebology 

DlACNOSIe 

A cartful history and complete physical ewmination are essential 
to make the dngnosis of bladder neck obstruction Tins should in 
elude a study of the cardiovascular, respuatory and gasbointestina 
systems since it is important to evaluate the patients general hca 
accuritely before my instrumentation is planned 

The second of a two glass voided specimen of urme m the male w 
1 1 itheterized specimen m the female is exammed for albumin 
red blood cells casts and finally for infection by means of a 
slide of the centrifuged sediment Unne cultures are done when in 
cated The prostate is then palpated In benign hypertrophy , 
I definite palpable enlargement usually smooth and syanmetnea a 
rubbery in consistency The degree of hypertrophy noted on rec ^ 
palpation however is not necessarily a true uidication of the amo ^ 
of obstruction present within the urethra because of the ® 
tions IQ tlie lobes not palpable rectally In the presence 
tracture or median bar formation the prostate is small and Boro 
palpation The carcinomatous gland is stony hard irregular an 
on palpation and the malignancy may have extended on to 
mal vesicles and laterally beyond the confines of the prosta^ 5 ir 
In early cases palpation may reveal only a single firm nodue 
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rounded by normal prostate At tire time of rectal examination tlie 
prostate is massaged, the vesicles stripped and the expressed secretion 
examined for pus m the wet fresh specimen 
Following tins a phenolsulfonphtlnlein renal funebon test is done 
One cubic centimeter of the dye is injected intrav enously and a single 
specimen of urine collected b> having the patient void at tlie end of 
one hour and ten minutes A reading of 50 per cent or more for this 
specimen indicates satisfactory renal function with at least complete 
renal compensation and also demonstrates that the patient has emptied 
the bladder adequately If the phenolsulfonphtlnlein excretion is less 
than 50 per cent this indicates either impaired renal function or resid 
iial urme m tlie bladder A No 18 F coude catheter is gently intro 
duced under aseptic conditions and the bladder emptied The residual 
urine is measured and then tested for phenolsulfonphtlnlein excretion 
and the total renal function for seventy minutes obtamed 
The prostate and bladder are then examined through the cystoscope 
in borderline cases in which tlie physical findings have not been thus 
far adequate to explain the symptoms From this examination infonna 
hon IS obtamed regarding die type and size of die intravesical ob 
stnicbon The presence of bladder stones, tumors or diverhcula can 
also be determined The examination is done under local anesthesia 
(4 per cent metycame) with a No 20 F McCarthy pancndoscope and 
there is relabvely htde urethral reaction from it In the female ob 
structive granular bssue at the bladder nock can be seen and, if there 
is a neurogenic bladder, the presence of bladder neck obstruchon can 
he determined In children the McCartliy mmnture cystoscope is 
used The child is hospilabzed and cystoscopy is performed under 
general anesthesia ^Vhate\e^ treatment is necessary is carried out at 
the same bme with the same instrument 
Routine roentgenograms are then made m all cases In men with 
defimte prostabc obstruction a roentgenogram of the kidneys, ureters 
^nd bladder and cystograms are obtained The roentgenogram of the 
wdneys ureters and bladder will indicate the presence or absence of 
stones in the bladder or kidney, mctastascs to bones in cases of car 
emoma or prostabc calculi The cystograms indicate the presence of 
Vesical diveilicula and furnish information as to whetlier or not a 
diverticulum empties adequately Large infected diverticula which do 
not empty spontaneously should be removed surgically prior to pros 
atic operation Otherwise, the chnical result from the prostatic opera 
JOB alone will be madequate and the postoperative course of the 
patient stormy Preoperabve cystoscopy need not be performed in 
use cases with advanced and obvious prostabc enlargement, thus, a 
possibly serious mstrumental reacbon which might complicate Ae 
uperabon later may be av oided Excretory urograms are also obtamed 
u a patients v\ itb a history of hematuria or stones or anythmg else 
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pointing to possible disease in the upper urinary tract In children 
excretory urography is employed routinely and has the added value 
of furnishing an entirely satisfactory renal function test m children 
too young to cooperate for the phenolsulfonphthalem test 

TRCATMENT 

The treatment of bladder ned: obstruction is surgical The indica 
tions for surgical intervention vary widely in mdividual cases Each 
patient must be carefully studied over a period of time before the 
decision in favor of operative intervention is made 

In cases in which there is no urinary retention or only a small 
amount of residual urine (up to 100 cc ), conservatism is indicated 
If the obstruction is benign, repeated prostatic massage to eliminate 
any infection present as well as to empty the gland may be of con 
siderable symptomatic benefit The patient is instructed to avoid ex 
cessive temperature changes, too much physical exercise and long 
rides The bowels should be kept regulated and alcohol and highly 
seasoned food should be excluded from the diet Urinary antiseptics 
should be used if urinary infection is present Renal function should 
be periodically checked and tlie amount of residual urine periodically 
determined Any significant change will usually indicate the necessity 
for surgical intervention , 

Prostatic operation is ordinanly not indicated m cases with good 
renal function and no appreciable residual urine One excepbon lo 
this however, occurs m Aose patients who have an extremely bypM 
trophied bladder wall ivith resulting reduebon of capacity and biad 
der irritability producing marked frequency Surgical intervention is 
indicated in such cases from a purely symptomatic standpomt regard 
less of die presence or absence of residual urine 

There are three methods of approach for prostatic operations e 
transurethral, suprapubic and yienneal routes The most 
method today is transurethral prostatic resection It is an eta S 
operation, most difficult to master and attended by dangerous ^ ^ 
quences when improperly done However, it offers tlie , 

benign obstruction a satisfactory clinical result, obtained wi ® 
shock and morbidity and a lower mortality rate than any other me 
Those who lonhnely employ this method consider it the opera 
choice m all cases of benign obstruction except those 
cepbomlly extensive benign hypertrophy, in which suprapubic e 
tion can be more easily and quidwly performed Suprapubic 
IS practicable only in cases of benign hypertrophy or the , jJjp 
a good line of cleavage between the prostatic hyperplasia 
compressed surgical capsule is essential Radical penaea P 
ectomy offers the possibility of cure m a few carefully selec 
of prostatic carcinoma and is usiiallv employed for this purpo 
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Preopetativc Treatment.— Patients retaining large amounts of urine 
are provided with indwelling catheter drainage upon being hospital- 
ized. There is no danger, as was formerly believed, in drawing off rap- 
idly whatever amount of residual urine is present. A No. 18 F. coude 
or Foley catheter is used. Fluids are maintained at 3000 cc. daily and 
are given either by mouth or by infusion of a solution of 5 per cent 
glucose in saline if necessary. An accurate record of the intake and 
output of fluid is kept. A complete blood count is obtained and whole 
blood given if indicated. Determinations of the blood nonprotein nitro- 
gen, sugar, carbon dioxide and creatinine arc obtained and the phenol- 
sulfonphthalein test* is repeated if necessary. The cardiovascular sys- 
tem is carefully e.xamined and any other positive findings in the history 
or physical examination properly studied. Should the renal function 
as well as all other of the above factors be satisfactory, the operation 
is performed. If renal function is poor, operation is postponed until 
the patient’s condition is more favorable. The restoration of normal 
renal function, or at least stabilization of function in these latter cases 
by continuous catheter drainage and adequate fluid intake, is one of 
the most important factors in the success or failure of prostatic opera- 
tions. It is far more important than age, a past history of severe heart 
disease or diabetes or any other consideration. It is the chief factor 
enabling urologists to operate successfully, in the presence of urine 
and infection, on patients in an extremely elderly age group. After 
prolonged catheter drainage in these cases with advanced renal dam- 
age, it matters little at what level of function the kidneys stabilize, 
"Hie nonprotein nitrogen may remain constantly at seemingly prohibi- 
tive levels and yet, if properly stabilized, the patient will stand opera- 
tion well. 

If there is evidence of acute urinary tract infection as manifested 
by fever, tenderness in the kidney regions and pyuria, the patient is 
given a urinary antiseptic^ preferably small doses of sulfathiazole or 
sulfadiazine, 0.5 gm., four times a day, with a teaspoonful of sodium 
bicarbonate. If renal function is poor, mandelic acid, 2 to 4 teaspoon- 
fuls four times daily, may be substituted to avoid possible renal reac- 
tions from sulfonamides in already damaged kidneys. 

Suprapubic cystotomy is occasionally necessary as an emergency 
k ^ cases, of acute retention with either an impassable pros- 

ahe obstruction or urethral obstruction. It is also necessary in those 
patients requiring prolonged drainage prior to prostatic operation if 

ey cannot tolerate a urethral catheter because of infection or irrita- 


"Ibe same fundamental principles that apply to adults with bladder 
Me ^Pply to children and preparation for operation is 

Neurogenic B/adder.— Recent experience has shown that transure- 
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feal resection of the bladder neck, in cases of neurogenic bladder \ illi 
partial or complete retention of urine is beneficial in almost every 
case This is true regardless of the age or sex of the patient and re- 
gardless of whether or not there is any preexisbng obstructive tissue at 
the bladder neck The etiology of the neurogenic bladder and its 
duration are likewise unimportant The improvement is most probably 
due to removal of the internal sphincter by resection and to the over 
ill enlargement of the urctlirovcsical junction 
Surgical Treatment —Transurethral Prostatic Resection -Tnm 
urethril resection is most frequently done with the Stem McCarthy 



F>g 515 Speamen remo ed by subtotal tiaasurethial prostate resection 

electrotorae and iny thoroughly dependable ^ 

subtotal prostatectomy is accomplished during which all 
sue down to the surgicil capsule is removed (Figs 515 51 . 

The anesthetic of choice for this procedure is a low sp oa _ 
resection is begun bilateral vasoligahon is performed to " 

operative epididymitis which would otherwise occur m from 
per cent of cases and prove of considerable annoyance 
postoperative period possibly resuibng in loss of the testis 
der IS then carefully examined with the observation p 
lenses Tumors or nonopaque stones can thus be identified p 
and removed All prostatic fassue possible is removed o i 
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Fig Sl6— Diagrammabc sketch slioumg first stages of prostatie resection 
{Alter Lorraine, m Dodson, A I Urological Sureers, St Louis, C V MosbyCo, 
1W4, pp 710^719 ) 



Lorraine ) 
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verumontanum To obtain a good result it is necessary not oaly to 
give the patient a channel throu^i which to void but to remove all 
the tissue possible This pre\ents recurrence of obstructing tissue 
minimizes infection m the remainiag tissue and enables the patient to 
empty the bladder completely FoIImvmg resection of iJie tissue all 
bleeding points are carefully coagulated and the urethra carefully 
checked with the Vest and retrograde lenses to be sure that no ob 
structing tissue remains A No 26 F Foley cadieter is then introduced 
and the bag inflated to 30 cc The catheter is irrigated until the return 
fluid IS clear If tins is impossible, the instrument is reintroduced and 
further coagulation of bleedmg points earned out 

In children with bladder neck contracture or posterior urethral 
valves the McCarthy miniature operating cystoscope is used widi a 
special small loop powered by the usual high frequency unit 
Suprapubic Cystotomy —This operation is usually done under low 
spinal anesthesia or occasionally gas when indicated because of car 
diovascuJar changes After the usual surgical preparaUon, an incision 
about 10 cm in length is made in the midline one to two fiogef 
breadths above the symphysis pubis The incision is earned throug 
the skin and fascia down to tlie rectus sheath This 
midlme and the fibers of the rectus muscle separat^ The bladder u 
then distended witli air by means of an insufflator The peritoneum 
reflected from the anterior surface of the bladder with a 
Tlie bladder is grasped on endi side and an incision made tax g 
the wall The bladder ivill usually contain a shglit amount ol u 
which should be aspirated by suction 
At this stage the technic vanes depending on whether a 
two stage prostatectomy is contemplated The two . 

has the adsantage of dividing the operative shock and 
operating time for each procedure It also prepares the pros a 
for later infection thereby lessening the systemic reaction 
moval of the prostate However, tliose patients who are , 
young and in good general health can withstand a one stage ptoc 


very well , , 

If the operation is to be done in trvo stages, a finger is inse ® , 

the bladder and the bladder explored Any stones present . j 

After exploration a No 30 Pezzer catheter is inserted into 
der and the bladder closed with two layers of interrupte 
No 1 catgut sutures The bladder is then fixed by a 
the rectus sheath and the rectus sheath closed ivzth intermp e 
No 1 catgut The prevesical space is drained with a 
the external fascia closed with chromic No 1 conhnuous su 


the skin closed with dermal and silkworm sutures 
The second stage enucleation of die prostate is came ^ 
ever the patient is considered ready This may vary from 
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many montlis after the cystotomy dqjending on the amount of post 
operative reaction to the first operition and the general health of the 
patient If necessary the second stage can be abandoned and the 
suprapubic catheter left in place permanently 
Prostatic Enucleation —Two fingers of one hand are inserted into 
the rectum and the prostate pushed anteriorly The other hand is in 
troduced as far into the bladder as possible from above through the 
same exposure as for cystotomy and the index finger introduced into 
the posterior urethra The roof of the prostatic urethra is broken 
through first (Fig 318) A line of cleavage is then found between 
the hyperplasia and the compressed surgical capsule and by a sweep 
ing motion of the finger both lateral lobes are easily enucleated 
(Fig 519) If the large middle lobe is hypertrophic it is enucleated 
at the junction of the lobe with the trigone After enucleation the 
prostatic bed should be examined for any tissue left behind Bleed 
mg IS then controlled by inserting a Pilcher bag into the prostate 
cavity with its catlieter end pulled out through the urethra and apply 
mg traction to this After the bag has been inJlated the urethral por 
tion is tied to a Hunt Hamer xvire cage A Freyer tube is placed in 
the suprapubic opening and the wound closed as previously described 
Tension on the bag must be released in sit to eight hours when ade 
quate hemostasis will have been obtained If this is not done damage 
to the sphincter may result The PilcJier bag is usually removed in 
from twenty four to forty eight hours and replaced by a Pezrer 
catheter 

The postoperative care of patients who have had either trans 
urethral or suprapubic prostatectomy is the same In those patients 
who have lost a considerable amount of blood blood transfusions 
are given In the first twenty four hours fluids are adxnmisteie 
parenterally m the amount of 2000 to 3000 cc The average patient « 
able to take adequate fluids by mouth after this and in forty eig 
hours IS usually on a full diet , ^ 

The immediate postoperahve attention to catheter drainage o 
patient subjected to a transurethral operation is of utmost importanc 
For the first twenty four hours the catheter is imgated j 

assure normal continuous drainage and to remov e any clots o 
in the b/aeJeJer This enables ihe bhtJdec to remaui ernpty an a 

and also prevents obstiuction of the catheter by clots 

Tlie catheter is usually removed in from four to j’V y ^ 
operatively when the urine is clear and the patient afebrue 
patient continues to have fever the catheter is left 
longer Fever when present is usually due to pyelonephntis ^ 
be controlled by tlie oral administration of a good urinary an 

The patient is allowed up the day the catheter is remov 
may leave the hospital in from seven to ten days Patien " 
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out of town are required to rcrmm in the hospital through the four- 
teenth postoperatn e daj, for jt is usually during the second po^t 
operative week tliat secondary hemorrlnge occurs If hemorrhage is 
severe, it can usually be controlled by cmpt>ing the bladder of clots 
and thorough iirigition If bleeding continues in the jiresencc of an 
indwelling catheter, coagulation of tlic bleeding points under anes- 
thesia will be necessar) Before the patient leaves the hospital, the 
amount of residual unne should be less than 100 cc Those patients 
who have had chronically distended bladdcis for some time pre 
operatively will be slow to regain bladder tone even after all obstruc 
tion has been removed and will continue to show some residual urine 
for a while 

The postoperative course of the patient who has undergone enuclea 
tion IS longer for it usually takes ten to fourteen days for the supra- 
pubic wound to heal and m some cases tlirec weeks or longer All 
patients should be examined posloperativ el> at regular intervals All 
patients will have a residual uinnry infection, which cannot be cleared 
up during the first few weeks poslopcialively, as sloughing in the 
prostatic bed continues for at least six weeks Urmar> antiseptics, 
therefore, should be used only for acute flare-ups of infection vvitli 
fever during tins period After six weeks it is usually possible to 
sterilize the urine permanently with a good urinary antiseptic 
In children excretory urograms arc repeated postoperatively at 
SIX months to determine changes in the upper urinary tract follow- 
ing the relief of obstiuction Residual urinary infection is cleared up 
d possible with urinary antiseptics 
Postoperative urethral strictures frequently occur following trans 
urethral resection, usually at the external urinary meatus or at the 
bladder neck They should be repeatedly dilated during the first few 
months, after which, unlike othei strictures, they usually resolve 

COMMENT 

The treatment of carcinoma of the prostate is unsatisfactory not- 
withstanding recent discoveries in the field of hoimonal therapy and 
despite the fact tliat a few early cases lend themselves to radical 
perineal removal Aside from these few cases, the disease is ad 
miltedly incuiable when first seen and all treatment is palliative 
Prostatic resection is performed when obstruction occurs m order 
lo provide normal urination but without hope of removing the entire 
^alignancy Hormonal therapy as represented by the administration 
Or stilbestrol or orchidectomy, or both, is widely used by every urolo- 
gist However, it is as jet unsettled as to how and when these meas 
b^st be emplojed for the good of the patient Consequently, 
ere is great variation in clinical practice m this respect and no single 
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program of treatment has as yet been proved best Fortunately, this 
question should defimtely be settled in the na\t few years 

CONCLUSIONS 

The management of bladder neck obstruction is a phase of urologic 
treatment in which tremendous strides have been made dunng the 
past twenty years Patients whose disease was once considered in 
operable because of advanced age or debility are now operated upon 
vvitli relative safety If the underlying physiologic and pathologic 
changes m the upper urinary tract in cases of bladder neck obstruction 
are properly cared for, the low morbidity and evcellent operative re 
suits are gratifying regardless of the type of operation employed 
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ADDITIONAL ARTICLE 


KADIOSUUGERY: FOREIGN BODIES IN THE NECK 
REMOVED UNDER FLUOROSCOPIC CONTROL 

• Cahlos Santos, M D * 

The removal of foreign bodies under direct fluoroscopic control js 
often discredited and considered a difficult and dangerous method 
I have used this method since 1921 and hav e succeeded m removing, 
up to now, about 2000 foreign bodies without the slightest damage 
to the patients, my assistants or m>sclf 
In previous publications^ I have indicated the technic I use, some 
new instruments I have designed, indications of the method, and so 
forth 

It IS generally believed that only foreign bodies situated in the soft 
parts of anatomically unimportant, nondangcrous regions can be re- 
moved the duect control of K-rays I came to quite difiecent 
conclusions In order to male tlie possibilities of radiosurgery more 
widely known, I am presenting here two cases of foreign bodies situ 
aled in dangerous regions of the neck, m which I was able to effect 
removal under the direct control of the screen, without damage to 
the pabents I am of the opinion that successful removal could hardly 
have been accomplished by any other known method 

Case I (Figs 520, 521 and 522) —A young man 22 yean of age, was referred 
to me by Dr Alvaro Gamboa of Alpedrmha Three days earlier he had been shot 
m the thorax with a revoUer fired at almost point blank range At the bme he did 
not suffer much, and he had been able to walk about three nules 

\\Tien I examined him, he felt slight pam on pressure in the front wall of the 
thorax, at a pomt about 8 cm above the nghl nipple He complained too, of dull 
pain m the cervical region and mild discomfort in swallowing He had a simple 
protective diessmg over the onfice where the projectile had entered This orifice 
was on the right side of the anterior vvaJI of the thorax, three fingerbreadths above 
and three fingerbreadths to the nght of the nipple 

Fluoroscopic and radiographic examination of the thorax revealed no abnor- 
mality Roentgenograms of the cervical region showed no damage in the bones but 
d reveal a revolver bullet, which had not lost its shape, lodged vertically pomt 
“?^^**^* fo the right of the body of the seventh cervical vertebra, sbghlly m front 
®t the respective transverse process 

til huUet must have passed in front of the rfbs, grazing them then under the 
vide, whence it must have crossed the base of fte neck to the position it was 
occupying 

Aggregate Professor of Radiology, Umversity of Lisbon, Portugal 
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Indications for Operation —The position of the bullet near the ^ 
of the cervical sympathetic, near the stellate ganglion ana ^ 
proximity botli to the roots of the brachial plexus and to the ver e 
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artery, caused me to fear the later development of fibrous tissue which 
might envelop and evert pressure on the cervical sympathebc or the 
roots of the brachial plexus If tins occurred the necessary surgical 
intervention would be far more difficult tlnn at present, and there 
would be rish of injury to the nerves, furthermore, it might no longer 
be possible to eliminate the already developed fibrous tissue with its 
attendant symptoms In the circumstances, and in the light of my ex- 
perience in previous cases, immediate operation under the control of 
the screen appeared indicated, even tliougli the patient was not in 
great pain 



Fig 522 (Case I) —After the mterventioo The bullet, now removed is resting on 
the cassette 

IntertenUon —I operated m my own consulbng room, the operation 
bemg effected m two stages, but in a single sitting 
Novocame (05 per cent) with adrenalm was applied as a local 
anesthetic to the superficial tissues The first stage of the intervention 
out in the usual miDncr by my colleague Passos Angelo 
p 3 cm incision was made at the base of the neck, in front of the an- 
enor border of the trapezius muscle and dissection was carried out 
ough successive layers passing behind the carotid artery, jugular 
'em and pneumogastnc nerve to the muscular layer on the posterior 
suriace of the supraclavicular fossa The rest of the operation was per 
ormed by myself m the dark, by radiosurgical methods 
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The special circumstances of the case prevented my following the 
intervention on the screen by means of the so called perpendicular 
ray, as usual I had to feel my way inwards m a direchon parallel 
to the screen, which renders depth onentalion infinitely more ^culL 

After probing with other instruments, I employed my own curved 
forceps I produced, purposely, only partial anesthesia of the deeper 
regions m order that I might be able to guide myself by the pahent’s 
reactions Indeed, as I gradually penetrated deeper, the patient occa 
sionally complained of a pam radiating in the direction of his arm 
This most often coincided with my receiving, transmitted from the 
point of the instrument, a sensation tliat I was touching the roots of 
the plexus I had to feel my way to the bullet by means of slow and 
smooth perforating movements, little by httle, under fluoroscopic 
guidance, while endeavoring lo pass through parts which did not offer 
resistance and in which my movements caused the patient merely 
local pam and not the pun radiating towards his arm As the anes 
thesia cannot be perfect with such a technic, it is absolutely necessary 
to keep the patient in good spirits by a flow of kind remarks so that 
he will be quiet in spite of the pam he always feels I careful!) 
watched the patient’s general condition, and also Ins pupils 

Finally I succeeded in reaching the bullet and seized it transversely 
Next, I proceeded gradually to extract it, b> means of gentle zigMg 
movements, guiding myself by fluoroscopy and by feeling, so as to 
free it by degrees from the structures which impeded its way to the 
surface 

The operation occupied m all about two and a half hours The time 
taken by the radioscopic intervention amounted to between half and 
three quarters of an hour (Repeating what Was already said m my 
previous works, I must insist upon the fact that such long radioscopic 
exposures arc only possible without danger of dermatitis when a very 
small radioscopic field is used— in this case, for instance, never larger 
than one square inch ) 

No hemorrhage occurred, the wound being perfectly dry when tie 
intervention ended 

Tlie wound was cleansed with ether At the lower extremity of t e 
incision, which was closed by two horse hair stitches, a small horse 
hair dram was placed 

After effects -At the conclusion of the inlencntion the patient was 
shocked his pulse being rather weak His pupils were equal and normal in 
and their reactions to light were also normal Hiere was no abnormal ly in u 
culalion or m the sensibibty or motor power of his arm niided 

I gave the patient a cup of coffee He was able to get up and to 
I gave him a local application lasting thirty minutes of red “"d infra m 
with the Sollux lamp Us I always do m such cases) He remained Ivmg ao 
mother half hour, after which I saw him again His pulse had reco'f'^^ 
home wthout requiring assistance 
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I san hiw on the fol5o%Mng day He bad had a good night He had practically 
no pain and 'vas able to move his nech a bide more freely Tlie wound was in a 
good condition I removed the drain, uhidi brought a«ay a bttJe slightly hemox- 
rhagic 'enmi The patient was once more given tliirt) minutes under the Sollux- 
latnp 

The nett day, when I saw him agaui, he was feeling better, the pain hiving 
further lessened and movements having become still more easy I removed the 
stitches WTiere die lower slUch had bwn, there was a tinj opening of about 1 
nun m size, whence a drop of blood oozed I applied iodized alcohol and an 
aseptic dressing The patient left the same day for his village in die country— that 
IS to say, just two days after the operabon 

Later I learned dial this patient made a quick and perfect recovery no com- 
phcalions having developed 

Case II (See Figs 523 to 528) —A policeman had been shot with a revolver 
SIX days before I saw him for the first bme I was informed tliat after the acci 
dent he had walked about two miles 



523 (Case II) —Front view A bullet is seen projected on the right maxillary 
sinus of the pabent 

I found a painful swelling of the soft parts of the nght side of the face The 
wtranre wound of the bullet (already closed] was situated about 1 cm above 
® nght angle of the mouth There was a hematoma of the soft palate on the 
ngnt Side and tnsmus was present 

^^l^lS^ograms of the head, one from the occipitofrontal angle, one exactly 
n i usual obbque posiboo for the separate projection of the 

8 t side of the lower jaw, were tmtde The Elms show several fracture hnes m 
c ascending ramus and coronoid process of the nglit lower jaw, vvithout dis- 
Ihe different fragments A revolver bullet with a slight deformation 
u oe seen ft can localized in flie sofi parts of the right side of (he neck 



Fig 524 (Cise II) -Side Mew U is ipparent tliat tlie bullet u m 

tlie soft parts « f tlie neck between the pi nryn't and the neuTO\ asciilar sheath 
the le\el of the 1st cervical \ertcbra 



Fig 525 (Case II) —Obi que \ie« Several fracture lines can be detected 
lower jaw 
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about 3 cm. to the inner side o* the posterior border of Uie ascending ramus of 
the lower jaw at the le%el of tlie bo<ly of the first cervical vertebra I estimated 
that the bullet in this location must be situated between the pharynx and the 
neuro\ascular sheath, under the arteria maxillaris intcma, in the region of the 
pterygoid x enous plexus, in near relationship to the inferior dental and the lingual 
nen es 



fjg 520 (Case II) -Side view after the mlerxention A clip placed at tho wound 
on the skin projected between teeth 3 and 4 of the upper jaw. 

fhe patient brought with him some roentgenograms taken three days earlier 
in which the foreign body could be seen in contact with the loxver surface of the 
inienor wall of the skull, i e , about 3 cm. above tlie situation it had now 

Indications for Operoiion — AMho^igh the bullet ^vas supposed to be 
somewhat free in the tissues of the neck (otherwise it would not have 
ii^oved down since the first film) it did not move about during palpa- 
|>on As in the first case, it was reasonable to expect that later forma- 
bon of the usual granuloma would interfere witli some of the local 
nerx’es, making operation far more difficult Immediate intervention 
'vas indicated if the foreign body could be removed without great 
snger or great trauma I Ihou^t that this was possible. 

Surgical Approach.~~Tbe shortest route, from the side of the neck, 
''as dangerous because of the proximity of the parotid gland, the 
^ A neurovascular sheath Examining the patient 

screen, I saw the possibility of taking another route which, al* 
ough much longer, was free from danger. \Vith the patient under 
e screen, his head in an oblique position (R.A.O.), I could see the 
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foreign body projecting between tiie upper and the lower jaw In this 
position the only anatomical features which I would have to avoid 
were Stenon’s duct and the inferior dental and the lingual nerves 
in the neighborhood of the foreign body no violent movements would 
be permissible, lest contact be made with the pterygoid venous pletus 
I would have to be careful not to move the forceps towards the et 
ternal side of the foreign body, in order to avoid contact with the 
neurovascular sheath, to the inner side, in order to avoid damaging 
the wall of the pharynx, or to the posterior side, in order to avoid 
contact with the last cranial nerves It seemed to me these pitfalls 
could be avoided 

IntervenUon —The operation wjis performed in m) consulting room 
the day after my first observation I anesthetized the soft parts of the 
face with novocame (05 per cent) and adrenalin I next inserted a 
needle from the outer aspect of the face pointing backwards and in 
wards until the patient indicated a pain in the teeth in order to 
determine the position of the inferior dental nerv e Tlien I placed the 
head of the patient in a position that would permit me to move m a 
straight line from the skin to the foreign body without touching this 
nerve, but just passing it by After aneslhebzing (not very completely) 
the deeper parts, I made a horizontal incision of 12 mm throu^ &e 
skin about 3 cm above and lateral to the angle of the mouth "^e 
incision was made only in the epidermis and dermis, m order to h> 
pass Stenon’s duct with certainly 

I next inserted through the wound a special pair of forceps of my 
own construction (the same referred to in the aforementioned case) 
These forceps have their etlremitj somewhat wedge shaped so that 
they can separate the tissues, and easily pass between the fibers o: 
muscles or between nerves or vessels As the borders are not shaip 
tliese forceps simply push aside, rather than cut the different tissues 
The borders have no indentations , 

As the face was swollen, I could easily pass the forceps 
touching the mucosa of die mouth, thus avoiding infection of c 
operative wound (I had not chosen the oral route originally because 
of the danger of infection ) I passed outside the buccinator mus ^ 
until I touched the anterior border of the coronoid process T ea 
took an oblique course between the upper and the lower jaw, 
Bichat’s pad of fat (the sucking pad of infants) I came to me rep 
where the bullet was situated All the time I was "probing my" ^ 
as it were, by slow, smooth perforating movements \t'hen I 
contact with the bullet, I had the sensation of reaching a 
where the movements were freer \Vlien I tried to grasp the 
body, howev er it slipped easily from the jaws of the forceps w 
were too small for such a bullet It was evident that a larger p ^ 
forceps was required 'When pulling back my first forceps l op 
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them nnd tried to increase the size of the channel I had made from 
the skin to the foreign body m order to facilitate tlie introduction of 
the larger pair 

With the larger forceps, which were similar m construction to the 
first pair, I was able to grasp the foreign bod> lengthwise and remove 
it without great difficulty 

This operation was much easier than in Case I It took about tw enty 
five minutes altogether 

No hemorrhage occurred, the wound being dry at the end of the 
intervention No nervous lesions of any kind complicated the pro 
cedure One clip was sufficient to close the wound 

After effects —After the intervention I made the usual application of red and 
infra red rays with the SoUux lamp (thirty minutes) The patient walked out un 
aided and came back daily for six days to have other applications of the Sollux 
lamp Through a misundentandmg of my instructions the clip was not removed 
on the second day as is customary m my cases of this nature but on the third day 
The fracture caused this pabent discomfort for a certain tune some swellmg 
and tnsmus but from the foreign body and from the intervention not the slight 
est compheabon has appeared and later all symptoms disappeared completely 
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of lung, pnmaiy, blood picture tn, 
April, 298 

of neck, metastatic, dissections in, 
Feb. 102 

radiation \ersus surgery, Feb, 
103 

of pancreas resection of, opcratnc 
technic, Aug, 9U 
of prostate Oct. 1269, 1272. 1274 
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surgical diagnosis and manage- 
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Cystoscopy in bladder tumors, Oct, 
1212 
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DiverlicuLtis of colon, roentgen diag- 
nosis, double contrast enemas m, 
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Diverticulosis of colon, roentgen diag- 
nosis. double contrast enemas in, 
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lesions causing arm pam, Aug , 801 
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obstructing lesions, surgical aspects, 
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Estrocen therapy in carcinoma of breast. 
Feb , 127 

Extremities, upper, pam ui, symposium 
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Eye, prosthesis, problems of, Aug, 848 
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lacerations, Feb , 5 
prosthesis, problems of, Aug , 8-16 
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from arm for Feb , 20 
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recent, operative tieatmenl, Feh , 
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Fenestration operation for otosclerosis 
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probabihty of successful result, 
Aug, 878 

•election of patients, Aoe, 876 
Fever, postoperative, effect of uilraviolel 
irradsalion of air at operaton cn, 
Oct, 1078 

Fibre adenoma of bieast, diagnosis 

Fibroma of bdney cortex, Oct ,1253 
Fibrosarcoma of scalp, 

Fibrositis of shoulder, Aug >839 
Fingers, amputations, sites of election 
April, 500 , , 

Finsierer operation for pephe ulcer, » 
trojejunal ulcer following June, vSB 
First thoracic nb syndrome. 

Fistula, artenovenous, ngiography m 
Apnl. 332 

congenital April, 343 , , 

pam in upper extremity caused b . 

fecalfabdomiMl. multiple, colectoiov 

for, Aug , 965 
tuberculous, June, o5» 
mu«)us. resecUon of colon for, Aug-, 

vefiTOvaginal, rep^am of, cotton sul 

Fluor^copic removal of foreign bodies 
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Fractures of femur, necl., deHyed unton 
non-umon, operation for, Feb, 
242 

recent, openlive treatment, Feb, 
230 

of frontal bone, Feb , 10 
of hip, surmcal treatment, Feb, 230 
of mmdible, Feb , 16 
of maxilla, Feb , 13 
of nose, Feb, 11 
of zygomabc bone Fch, 11 
Frontal bone, fractures, Feb,, 10 
Fulguration of bladder tumors, supra- 
pubio, Oct, 1214 
transurethral Oct, 1213 
of intestinal pclj-ps, Avg , 974 

GAUjjiADDEn, anomabes, Feb, 210 
Gaaglionectomy, celiac, with total tho- 
racic and parbal to total lumbar sym- 
pathectomy In treatment of hyper- 
tension, Oct, 1109 

Gastrectomy, total, report of patient 
surviving for eight years, Aug , 934 
Gastnc See Stomach 
Gastroenterostomy, gastrojejunal ulcer 
following June, 7S2 

Gastrointestinal surgery, symposium on, 
Oct, 1125 

tract, mali^ant disease, metastasis 
to bone. June, 692 
Gastrojejunal ulcer, June, 751 
Gemto unnary complications following 
urge boMel surgery, June, 693 
^Tgery, symposium on, Oct , 1209 
tract, lesions, unnecessary abdominal 
operations for, Oct, 1247 
tumors, pathology, Oct , 1257 
Llomerular filtrabon, rate of, measure- 
ment. Oct , 1230 

lomus tumor, pain in upper extremity 
due to. Aug. 831 

Uer, toxic iffusc total thyroidectomy 
in Feb ,100 

nodular, total thyroidectomy in, 
Feb 99 

grafts 

syndrome, protruded disV. 
and, ditferenbation April, 278 
wis Iran^ej-se incision for cholecys 
tectomy, Feb , 217 

election, 

nSi"V' Feb. ST 

decortication, by resection rf 
pericardium Apnl, 4S0 

to- Aug. 804 
“emiiaminectomy, Feb , 70 
mr chordotomy, Feb , 70 


Ifcnulammectomy for remoial of neuio- 
fibmma of spinal cord, Feb., 74 
Hemolysis, intravascular, complicating 
blood transfusion, June, C82 
Hemoptysis, bronchoscopy in, value 
Aprif 296 

Hemorrliape m peptic ulcer, Oct,, 1140 
rectal diagnostic significance, June 
574 

Hemothonx Oct , 1088 
clotted or chronic Oct , 1088 
Hepatic artery, anomalies, Feb , 212, 
213 

Hernia, diaphragmatic clinical report 
of 34 surgically treated cases, 
June, 742 

surgical repair Feb , 152 
m adult Feb, 158 
m infancy and childliood, 
Feb . 53 

hiatus, esophageal, roentgen diag- 
nosis, April, 311 

Herpcj zoster, protruded disk and, dif- 
ferentiation, April, 276 
Hiatus henua, esophageal roentgen 
diaraosis, April, 311 
Hip fractures, surgical Leatmenl, Fch, 
230 

Hirschsprung’s disease, June, 844, Oct, 
1170 

Hodgkin’s disease, mediastinal lesions, 

ApHl, 285 

Hydronephrosis, plastic operations for, 
Apnl, 512 

HypemeDhroma of kidney, pathology, 
Oct, 1257 

Hypertension total thoracic and partial 
to total lumbar sympathectomy and 
celiac gangbonectomy in, Ocf , 1109 
Hysterectomy, total, abdominal, indi- 
cations for, Aug, 1018 

luEms, regional, June, 590 
IJeocolostomy, end-to-side, Ocf , 1202- 
1204 

side-to side. Oct , 1201, 1202 
Ileostomy, anuria and uremia follovvang, 
June, 628 

Ileum, tuberculosis, June, 639 
Ihum, cliondrosarcoma of, intractable 
pain m hip following, relief by chor- 
dotomy, Feb , 70 

Infections, "unexplained,” in surgical 
wounds control of, Oct , 1071 
Inmnes abdominal, penetrabng, Ocf, 
1152 

facial, early management, Feb , 3 
of chest, application of military ex- 
perience to civilian practice, Oct , 
1082 

of colon and rectum, June, 665 
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Injuries of knee joint, acute, surgical 
dngnosis, Apnl, 402 
Inspection, proctologic, Aug , 9SS 
Intervertebral disks, hemiation, Aug, 
990 

differential diagnosis, Aug,, 998 
lumbar, differentiation from dis- 
eases of spinal and peripheral 
nervous systems, April, 272 
pain m upper extremities due to, 
Aug , 813 

Intestinal anastomosis, end-to-end, asep- 
tic, Oct , 1205, 1200 
distenbon, postoperative, /une, 707 
obstruction, Ajinl. 382 
diagnosis- Apnl, 382 
treatment, Apn3, 384 
tuberculosis, June, 585 

surgical treatment, }unc, 656 
Intestine, large terminal corbon, diver- 
ticula Aug, 976 
lesions of, diagnosis, Aug, 981 
malignant lesions, Aug. 966 
polypoid disease, Aug , 971 
Imgabons, colonic, in diagnosis of in- 
testinal obstrucbon, April, 383 
Isografts, Aug , 898 

Jejusostomv, nutrient, preliminary lo 
esophagogastrostomy, Oct, 1127 

KinsEY, calculi, formation in bedrest 
patients, Apnl. 444 
function, clearance and saturation 
tests, Oct, 1230 
major surgery and, June, 669 
lesions, unnecessary abdominal opera- 
tions for, Oct , 1247 
pelvis, tuinois, pathology, Oct. 1264 
tumors, pathology, Oct , 1257 
King's osteotomy for ununited fracture 
of hip Feb , 247 

Knee debridement, for artliribs, Feb, 
249 

examination and differentul diag- 
nosis, Feb , 249 

injuries, acute, surgical diagnosis, 
Apnl, 402 

treatment, April, 467 

Lacerations of head and face, Feb , S 
Lamont mastopexy, Oet, lOM, 1100 
Laryngeal nerve, recurrent i- - i 
tbi”'’ ‘ 

Lar 

Late 

m reo. 250 

Leg, amputations, sites of electMsi. 
ApnC 497 

pedicle grafts from, Aug,, 904 


**', iab 
I - o 


usier, wstoncal data, Oct, 1Q39 
Lumbar intervertebral disk, Tuptuif 
differentiabon from diseases ( 
spinal and peripheral census sy: 
terns, Apnl. 272 
puncture, Feb, 78 r. i « 
^mpathectomy, effects, Feb , 67 
Indicabons, Feb , 59 
technic, Feb ,58 
sympathebe block. Feb, 57 
Lung, carcinoma, pnniaty, blood pn 
ture in, Apnl. 29S 
contusions, Oct, I0S3 


vi,u..uiiiy uue to, Aug, blW 

Lymphocytic turnon of orbit, maui 
L^phoMteoma of orbit, pnaaiy, At(£ 

differentiation. Apnl, 279 

Malignant tumors of colon, ’J^ 
of duodenum, surgical tieatineo 
Feb. 163 _ 


islopiasty, 

Lamont. . 1099 
Maliniak, Oct , 109S 
Iborek, Oct. 1103 , jj 

ixiJlaiy bone, %h, 

Kiiastmum, 

lesions, diagnosis, Apn£. ^ 
aeurogemc Wmor. Feb, 
surgery of, Feb j-dv 
?gacolon. Ort, 
congenital, June, ^ 
diagnosis. Opt > , 117 I 

eencsis, theones Jl72 

pathologico phynogy 

reseebon of ’ ^ ^ 
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^lemaglC)ma, spina], protruded disk and, 
differentiation, April, 276, 279 
Methyl methacrylate plombage in sur- 
gical treatment of pulmonary tuber- 
culosis, Oct , 1060 

Mikulicz operation, modified, June, 607 
for carcinoma of colon, June, 
610 

unusual complicabon, June, 623 
Miller-Abbott lube in intestinal ob- 
struction, Feb, 189, April, 386, 387 
Moore’s pins in fractures of femoral 
neck, Feb , 236 

Moiphme contraindicated in asthma, 
June, 678 

preoperabve and postoperative use, in 
aged, June, 716 

Muscle sprains of shoulder, Aug , 839 


NAScO'ncs, preoperalive and postoper- 
ative u‘e, in aged, June, 715 
Kasai bone, fractures, Feb, 11 
Neck dissections, indications and tech- 
nics, Feb 102 

foreign bodies in, remo'’aI under 
fluoroscopic control, Oct, 1283 
Nerve, facial, traumatic lesions second- 
ary to war wounds, repair of, 
June, 763 

penpheral, lesions, diagnosis of, 
Apnt, 452 

pain m upper extremity due to, 
Aug, 831 

lesions causmg arm pam, Aug, 

Nervous system central, lesions ciusmg 
ann pam, Aug, 811 

Neuralgia, tngeminal, alcohol injec- 
tions for, June, 775 
medical therapy, June, 774 
Penpheral neurectomies for, June, 

treatment role of minor procedures 
in, June, 774 

euiectomy, penpheral, for tngeminal 
neuralgia, June 778 

of spinal cord, protruded 
‘hfferentation, April, 275 
’^onbroma of spinal cord, remova 


, hemili 


: spinal cord, removal, 

V, Jammectomy for, Feb , 74 

bladder, Oct , 1270, 1272, 

^or of mediastmum, Feb , 134, 
April. 290 


ologic causes of pain m upper et- 

^mity, Aug.810 

hee bansplant of, Oct , 1103 
2 Rel s disease, diagnosis, Apnf, 325 


Nipple, sanguineous discharge from, 
April, 323 

Nonunion in fractures of femoral neck, 
operation for, Feb , 242 

Nose, lacerations about, Feb , 8 

OonfonECToMY in carcinoma of breast, 
Feb, 126 

Operation, choice of, renal function 
aswl, June, 3T4 

Orbit, tumors, malignant lymphocytic, 
Aug, 671 

Orchectomy bilateral, for carcinoma of 
prostate, further observations on, 
Aug, 1007 

Orthopedic aspects of pam in shoulder 
and arm, Aug, 834 

Osteotomy, subtrochanteric, in ununited 
fracture of femoral neck, Feb , 245 

Otosclerosis, diagnosis Aug., 878 
fenestrabon operation, how it im- 
proves neanng, Aug, 878 
probability of successful result, 
Aug , 857 

selecbon of patients Aug, 876 


Facet’s disease of nipple, diagnosis, 
Apni, 325 

Pam, intractable, m hip following re- 
moval of chondrosarcoma of ilium 
relief by chordotomy, Feb , 70 
m shoulder and arm, symposium on, 
Aug, 799 

Palpation, proctologic, Aug , 986 
Pancreas, head, and duodenum, resec- 
tion of, operative technic, Aug , 941 
Pancreatoduodenectomy, Feb , 170 
Pantopon, preoperative and postopera- 
hve use, in aged, June, 717 
Papilloma of bladder, Oct, 1210 
Paraldehyde, preoperabve and postop- 
eraUre use, ia aged, June, 716 
Paralysis, abductor of larynx, arytenoi- 
dertomy for, Apnl, 464 
Paravertebral sympathetic block, Feb, 
57, 58 

Parotid tumors, April, 480 
Patellar cartilage defect, deteebon, Feb , 
252 

Pauwel's method of cuneiform osteotomy 
m xnumted fracture of femoral neck, 
Feb, 246 

Pedicle grafts, Aug, 899 See also SkiP 
grafts, pedicle 

Pelvis, renal, carcinoma, pathology, 
Ocf, 1264 

Penicillin m plastic surgery of face, 
Feb, 31 

Pephe ulcer, bleeding, surgical treat- 
ment, Oct^ 1140 
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Peptic ulcer, gaslnc resection for, man- 
agement of duodenal stump, 
Feb . 200 * - 

operations for, gastrojejuna! ulc«r 
following, June, 751 
Perforabng wounds of rectum, April, 

n ^^1.1 -r R17 


] 


I of 


heart by, April, ■hOO 
Permeal urethrofistula following large 
bowel surgery, 7une, 701 
Permephnc abscess, diagnosis, April, 
357 

Periosteal outer table grafts m cranio- 
plasty, Feb , 37 

Peripheral arteries, artenoscleroUc. ar- 
lenography of, Apnl, 331 
nerve lesions, diagnosis, April, 432 
pain m upper extremity due to, 
Atig.831 

simulating ruptured lumbar in- 
tervertebral disk, April, 272 
vascular disease, pam in upper ex- 
tremity caused by, Aug , 806 
Pheochromocytoma of adrenal gland, 
report of two cases with operative 
removal of tumor, April, 368 
Pinch grafts, Aug , 898 
Plasma infusions m protein deficiency, 
Feb, 192 

Plastic operations for hydronephrosis, 
Apfii, 512 

on breast, Oct , 1095 
on skull, Feb , 33 

repair of face with pedicle grafts from 
arm, Feb , 20 

Plombage, meUiyl methacrylate, in sur- 
gical treatment of pulmonary tuber- 
culosis, Oct, 1060 

Pneumonectomy, clinic on, stressing 
technic of operation, Feb , 143 
Pneumothorax, Oct , 1088 
tension, Oct , 1087 
Polyps of color, Aug, 953, 971 
col‘='''tomy for, Aug , 953 
fulguration of, Aug , 974 
roentgen diagnosis, double contrast 
enemas m, June, 594 
of large mtestine, terminal poitum, 
Aug, 971 

P6stoperative care in colon surgery, 
June, 706 

complications, renal function and, 
June, 673 

PreanUseptic era. Oct , 1035 
Premedication m bowel surEcry, June, 
703 


Preoperative care m colon surgery, Jum;, 

706 

preparation, renal function and, June 

672 , , 

sljn preparation with reference to 
surmce bacteria contaminants and 
resident flora, Oct , 1053 
studies, essential, and their signin* 
cance, June, 669 
Proctologic diagnosis, Aug, 981 
Proctoscopic examinahon Aug, 990 
preparation for, Aug , 982 
Prostate, caremoma, Oct, 1269, 1-7- 

bilateral orchectomy for, fl^er 
observations on, Aug, 1007 

pathology, Ort , 1266 

hypertrophy, Oct, 1269, 1-71.127- 
obstruction following Urge bowel 
surgery, June, 695 

management, Ocl . 1269 

Prostatectomy, suprapubic Oct, l-to 
transurethral Ocf. 1-76 
Prosthesis, facia!, problems of. Aug , 84B 
Prostigmuie bromide m megacolon 

PrSem deficiency m colonic lesions 
Feb, ISO , 
feedings, oral, Feb , Ig 

mg aim pam, Aug, 801 
Queckenstedt test, Feb , 84 

BaSiurgery ui foreign bodies m neck, 
RaAurn treatment of bladder tumors 

Iremity caused by, ^“f^openneiil 
Rectum, carcinoma, abdommov 

resection for, coltis 

complicating ulcerau 

June. 611 

diagnosis. 566 

postoperative care, J ^ 

complications ® j^ne 564 

preoperative o'-epaiation. |u 

Le of growth, JuM. 55 
diverticula, „ostic 

hemorrhage from, di gn 
cance, 

injunes, June, 665 

lesions, diagnosis, A g , 
malignant ^ ^ 

polyps. Aug , 971 534 

tumors, dianhea m, j 
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Rectum «ounds, perforating, April, 397 
Recurrent laryngeal nerve, injuries at 
• ’ ’ • 907 

780 
>uta* 

Resection of colon for carcinoma, an- 
asiomosis following. Oct, 1197 
onmary, Fch , 176, June, 606 
of stomach, duodenal stump in, Feb , 
^ 200 ^ ^ ^ 


of certain diseases of lower esoph- 
agus, April, 306 

of colonic lesions, methods, Jtmc, 
603 

use of double contrast enemas 
in /line, 594 

of knee joint mjune», April, 404 
treatment of carcinoma of breast, 
June, 730 , 

of metastatic carcinoma m neck, 
versus surgery. Feb , 103 
Rubber gloves, historical data, Oct, 
1041 

SvRcovrA of breast June, 718 
of kidney, Oct , 1263 
Saturation tests of renal function, Oct, 

law 

Scalenus syndrome, Aug , 823 
Scalp flaps, Aug , 900 
lac“rations, Feb, 5 

fllninTC tn..] 4 . 


Semilunar cartilage, loose or tom, ex- 
amination for, Feb, 251 
Serum paralysis, Aug , 830 
Shoulder, bursibs, Aug , 830 
hbrositis Aug , 839 
frozen,” Aug , 838 
muscle sprains Aug , 839 
P^in, symposium on Aug, 799 
penarUinlis, Aug , 837 
grafts, free, Aug, 891 
dermal Aug , 899 
full thickness Aug 891 
•sograft. Aug, 898 
medium thickness, Aug , 897 
pinch graft, Aug , 898 
thick-snht. Aug , 895 
split, Aug, 896 

methods and their indications, 
Aug , 857 
pedicle, Aug, 899 


Sion grafts, pedicle, from abdomen, 
Aug , 901 

from arm, Aug , 904 

for rcconslniclions about face, 
Feb , 20 

from back, Aug, 905 
from leg, Aug, 904 
from neck, Aug , 902. 
from scalp and forehead, Aug , 
900 

from shoulder or chest, Aug , 
903 

preparation, preoperative, vvitb refer- 
ence to surface bacteria contami- 
nants and resident flora, Oct , 1053 
Skull defects, i pair, with special refer- 
ence to use of tantalum, Feb . 33 
tumors, orbital tumors associated 
with, Aug, 874 

Smith-Pelerscn nail m fracture of fem- 
oral neck, Feb, 234, 236 
Spinal cord, lesions ruptured lumbar in- 
tervertebral disk and, differentia- 
tion, April, 272 
block, test for, Feb, 84 
cord, neurofibroma removal, hemi 
laminectomy for, Feb , 74 
puncture, Feb, 78 
diagnostic indications, Feb, 82 
headache following, Feb , 87 
technic and equipment, Feb , 78 
technical diiTicultics Feb 80 
therapeutic indications Feb, 85 
Spine, cervical, innirv oi disease, pain 
in upper extremity due to, Aug , 834 
Splanchniccctomy, lumbodorsal ap- 
proach, Oct , 1110 
transthoracic, technic, Oct, 1115 
Sprue, June, 592 

Slcmmann pin in ununited fracture of 
femoral neck, Feb , 244 
Stomach, resection, for peptic ulcer, in- 
adequate, gastrojcjunal ulcer fol- 
lowing, June, 755 
management of duodenal stump, 
technical details Feb , 200 
total, report of patient surviving for 
eight years. Aug, 934 
Strictures of esOD}i.jg is, June, 735 
Siilmcromlal bursitis Aug , 830 
Subtoraenld pcctorahs minor syndrome, 
Aug, 824 

Siibmaxillary neck dissection, Feb, 107 
Subtrochanteric osteotomy In ununited 
fractures of femoral neck Feb, 245 
Sudeck's swdromc. June. 780 
Siilfonamldrs, administration, renal 

t , * . 


m 
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Supraspm.itus tendon, rupture of, Aue. 
839 

Surgical diagnosis, symposiutn on, Apnl,, 
271 I 

technic, symposium on, Feb , I i 
Sutures, cotton, m vagina] pjashc opera- j 
tions about bladder and urethra, 
Ocf, 1221 I 

in facial surgery, Fch , 7 
Syme amputation, mdication^ April. 
422 

Sympathectomy, lumbar, effects, Feb. 
67 

for congenital megacolon, June, 
645, Oct, U83 
indications, Ffh, S9 
technic Feb , 56 

transthoracic, technic, Oet, 1109 
total thoracic and partial to total lum- 
bar, and celiac gangUonertomy m 
treatment of hypertension, Orf , 
1109 

Sympatlietic dystrophy, reflex, June. 760 
Syntropan m megacolon. Get. 1183 
5ynngom>eba. protruded dish and, 
diScrentiatJon. April, 278 


TANTAiust cranioplasty, Feb , 33, 48 , 
m noshvar period, Aug, 841 
technic, Aug . 844 | 

Technic, surgical, aseptic, historical as-, 
pect, Oct , 1035 I 

symposium on Oct, 1055 
symposium on, Feb , I 
TejMcrature elevapon, postoperative, 
effect of ultraviolet irradiation of air 
at operabon, O'i , 1078 
Teratoma, mediastinal, antenor, Apnl 
289 

of spinal cord, protruded dish and, 
differentiation, April, 276 
Thiamine chlonje m tngeminal neu- 
ralgia. June, 115 

Thigh, anjpufabons, sites of election, 
Apnl, 498 
Thoracic See Chest 


ihromboplebibs. acute, pam In upper I 
extremity caused bv. Aug. 808 i 
postoperative. June, 707 I 

Thymus, hypertrophj and tumor, due- 1 
nosjs, April 287 i 

Thyroid gland, carcinoma, total thyrol I 
declomy m. Feb , 100, llO 1 
aspects, Aug.i 


technical aspects, Aug, 906 
technic. Feb , 91, Aug , 906 
total, m carcinoma of thyroid, FeK 

100, no 

indicahons for, Feb, 99 
ITiyroid parathyroid tumors of medias- 
tinum, Apnl, 287 


ijiciy. June, uu.. 
reactions, June. 682 
allergic, June, 687 
circulatory, June, 687 
febnie, June, 687 
hemolybc, June, 8S2 


Trigeminal neuralgia treatment w)e d 
minor procedures in June, 7J4 
Tuberculosis, intwtmal. 

vurgic.al treatment, June, 650 
of colon, Feb ,184 . 

surgical beainient, methyl meOia 
crylate plombas® ^cf, 1060 
pulmonary, treatment bronchoscopy 
m planning, Apnl, 292 , 

Tumors, gcnitpunnao'. patholosy ot 
Oct, 1257 

of bladder, Oct., 1209 
palholo^, Oct. 1265 
of bone, diagnosis, Apnt, 410 
of brachial plexus, pam m upper ex 
liemity due to. Ang , 6-0 , 

of brain, orbital tumors assiXnateO 
With, Aug , a74 
of breast, diagnosis Apnt, JW 

ofcolon, malignant, Feb, w 

of duodenum, malignant, 
of esophagus, roentgen iAjSfis 
ApHl. 318 ^ 

of kidney, pathology, 
of large intestine, te^al 
mahgaanr, Aug , 963 _ , 

of mediastinum, neoiogeiuc, 

of^ orbit, lymphocytic, snihgiMt 

of parotid gland, 
of scalp 

Ap^, ”74, 279 

of ureter, pathology, Oct , 



fin cc rutit cru c- 


crsrrra 

C-ira- CLpr f'naial. m 

dues- S" C Cxis 
--'aJs’ XL cxesz rir ' ^j Cxu 


I dSia pLrn rry r 

^•■“^2;. <S-aii*la'K. ?!.—»>» tmp;- 

K-ra^ 31 larr* tr*v«r fvie 

tannx ptcru 'tt- Cc-^ IZfcT 
^”^2“ -iEf’it2aI asasJrnrrr^f JrilitJ'al. 
I3C cscjWj Oci, Ui: 

d-T— r-rs-r, teejyiL,*- 

o-^ if:r-, n::.. 

nisai jiaatc r^ ainrt, dC 

'Ti ir^izrs Id i:ai 

fcrrc*^ VLT 

r^/^-^.TCl 

r*pur cf crextz s ci ZL -^ cx 

Ort, uru 

C-^fesi. 5 .-=mI, PiCjwj;! Iiri- 
lr^'r=r.nr Jjnf,70l 
Ktzjtt C 2 ia:!l f-rajsco m fcedrss! pa 

tract, bsu-cs caaeceasaiy abt^omcul 
, C7«gaiye5 for Oc#., 1247 
tssfa, pa:iicfo^, Oerf^ 12S7 

foycrwias lir?« 
^■wei s^ST^ ac<J thtftf miatcetiKrit. 
6*55 


■Vxre^ *t e^'VL.xxxS -'ects^ ■ — J. 

Vi-crer* t33jt^\.no. C- 

I x=c* <:iar« «~t3a^ p r Crj-tfd . ». 

X jicc-ir £i«:Sf ».erri-<r’'-il. pJ^ — 

j«r- exx^XLT^ cartel &**■ 

^ tfcu^nrc*^ ^ ' 

\ ext.es xLXL^a.’ixc^ ctr tx pa_r: l 

eprer esJr-d.*^ caast-vi ^ 4^^ S.' 

\fi*tsccLr ce- cal vf d>ei-<f 

pi-Si a eppr"’ e'Kr-cr-*^ tv \a^ 

S'^ 

Ve'-C'^rsal EstirU. rej'a.r cf ctt\n 

c. Cc*^ 1224 

'ItaHnai e 3 cnsicplis*' F<:b 4'" 

Uazxccc lessees alter dehndemert cf 
fci«e jcus* for Jrtimta Fefj 263 
Wllsis tttmet c^ fcida«' C7cf, I26t 
Woesds cf aWorcen prnetntiag Oct^ 
115-2 

of recttisJ porforatioff^^ 4pn/ 39" 
jnrpeal “uneTpIamed"' iwections m 
cootrol of Oct 1071 

Z fLAsne operaboQ feb 17 IS 
I Z'-pamabc bone fractures Feb 11 


1 



The 


SURGICAL CLINICS 

of 

NORTH AMERICA 


PHILADELPHIA NUMBER 


TnilEE-YPVn CUMULATIVE INDEX 
\19V\, 19»5 a«il 1916) 


PIIItADCLPIIIA AND LONDON 

W.B. SAUNDERS COMPANY 

1916 


O^pyftgblr 1917 by \V B Sauodert Compacy 


'^°Pn.gl,t,l947,b vy 

Company 

Copjiijl,, ~~ - 

"wS"„S' ;• d%£S‘‘o^ 


*’'"*-«>EUTnA 



CONTRIBUTORS TO TfflS NUiMBER 


XnLU\31 E. ABBOTT, JI.D., F^A.CS,, Diplomate, American Board of Surgery, 
Associate Surgeon, Harper Hospital, Detroit 

ALBERT BEHREND, M.D„ FwLC,S„ Instructor m Surgery, Graduate School of 
Medicme, Um%ersitN of Pennsj hnnia. Associate Surgeon, Jewish Hospital, 
Adjunct in Surger>, Mt Sum Hospital. Philadelphia. 

JLTJUS H. COMROE, Jr., 3IJ)., Professor of Ph>^iology and Pharmacology, 
Graduate School of Medicme, Uniwrsits of Penns> hmua. Clinical Ph>‘sio!ogist, 
Hospital of the Umi'crsitj of Peniis\ Kmua, Philadelphia. 

ROBERT T. CROTTLET, ^I.D., Instructor m SurgeT>, \\aMse Umversity College 
of Medicine, Director of Surger>, Detroit Receumg Hospital, Detroit 

ROBERT D. DRIPPS, "M-D-, Assistant Professor of Surgery (Anesthesiology), 
School of Medicme, University of Pennsylvania, Director of Anesthesiology, 
Hospital of the Umvenit) of Penns>lvanu and Graduate Hospital, PhUadelphia 

WILLIAM T. FITTS, Jr., 3I.D-, Assistant Instructor in Surger>, School of Medi- 
cine, Univeisit) of Pennsvlvama, Fellow m Surgery, Hospital of the UmveTSit> 
of Peansv Ivania, Fhibdetphia 

NORMA> E. FREE.^IA>, ‘'I D., TJi C.S., Assooale Clinical Professor of Surgerv, 
Umveisit} of Califorma Medical School, San Franciico 

BOLAND HLCIIES, >I.D., Associate m Suxgerj, School of Medicine, U 
of Pennsj Ivania, Acting Chief, Urology Divi>iod, Hospital of the U 
Peans>lvania, Chief of Urological Services, Chestnut Hill Hu., 

JULIAN JOHNSON, MJ)., D.Sc. (Med.), Assistant Professor of S 
of Medicine, Umversit> of Pennsylvania, Assoaate Surgeon, ” 

Umversit> of Pennsjlvama, Phibdelphia 

CIL\RLES G. JOHNSTON, 9I.D., Professor of Surger> , M a>iie 
of Medicine, Director of Surgery, Detroit Receiving HospitaL * 

CHARLES K.KIRBNjM.D., Fellow and Instructor in Surgery, '' * 

UniveTsit> of Pennsjlvama, Assistant Surgeon, Hospital of 
PennsjKimia, Philadelphia 

JOHN S, LOCKWOOD, M.D., D.Sc. (Med.), Professor of T 
Ph>ncians and Surgeons, Columbia Umversit>, Altendmg ^ 

Hospital, New Tork. City 

I ' PWTMN ■'JD. F \ r.5 - - - . ^ 

• ■ I , 

Pnuadelphia ^ 

JON^TTLAN E. RHOADS, M.D.. Assistant Professor of c 
Research. Assistant Director of Hamson Department of ^ 

University of Pennsylvania, Philadelphia. 



'■ CONTRIBUTOBS **10 THIS NUMBER 

CECILIA RIEGEL, Ph.D.i Associate, School of Medicine, University of Penn 
sylvania, Philadelphia 

II. P. ROYSTER, M.D., Associate in Surgery, School of Kfedicine, University oJ 
Pennsylvania and the Hospital of the University of Pennsylvania, Consultanl 
in Plastic Surgery, Alfred I Du Pont Institute, Wilmington, Delaware 

HARRY M. VARS, Ph.D , Assutont Professor of Biochemistry m Surgical Research, 
School of Medicine, University of Pennsylvania/ Philadelphia 

JAMES WALKER, flI.D., Captain. Medical Corps. Army of the United Sutes 

MiaiAEL C. WOIIL, M.D., F.A CP., Associate Professor of Medicine, Temple 
University School of Medidne, Philadelphia 

HAROLD A. 2INTEE, M.D., D.Sc. (Med.), Associate in Surgery, School ci 
Medicine, University of Peansytvaoia, Philadelphia 


CONTENTS 

S\TVIPOSIUM ON SUnCICAL PHYSIOLOGY 


PACE 

Foreword 1305 

By Dr. I. S. Ravdin 

Protein Deficiency in Surgical Patients 1306 

By Dr. 1. S. Ravdin 

Newer Concepts of the Pathologic Physiology of Shock . . . 1319 
By Dr. Norman E. Freeman 

Fluid, Electrolyte and Nutritional Prohlems in Surgery. . . 1330 
By Dr. William E. Abbott 

Some Aspects of Nutrition in Man 1361 

By Dr. Harry M. Vars 

Circulatory Physiology? The Adjustment to Blood Loss and 

Postural Change 1368 

By Drs. Robert D. Dripps and Julius H. Comroe, Jr. 

Circulatory Changes during Spinal Anesthesia: Their Phys* 

iological Basis 1377 

By Dr. Robert D. Dripps 

Venous Thrombosis and Pulmonary' Embolism 1389 

By Dr. Charles K. Kirby 

The Healing of Wounds 1404 

By Dr. Harold A. Zintel 

The Pathologic Physiology of Infection 1416 

By Dr. John S. Lockwood 

Physiological Principles in Intestinal Obstruction 1427 

By Drs. Robert T. Crowley and Charles G. Johnston 

Certain Physiological Problems Pertaining to Thoracic 

Surgery 1440 

By Drs. Julian Johnson and Julius H. Comroe, Jr. 

The Pathologic Physiology of Hyperthyroidism 1454 

By Dr. Jonathan E. Rhoads 

Pathologic Physiology of IlyperparathyToidism 1462 

By Drs. H. P. Royster and Cecilia Riegel 



' CX)NTRIDUTOItt TO Tills NUJ^IBER 

CECIUA BIEGCL, Ph.Da, Associate, Sdiool of Medicine, University of Penn- 
sylvania, Philadelphia 

H. P. ROYSTER. M.D , Associate In Surgery, School of Medicine, University of 
Pennsylvania and the Hospital of the University of Pennsylvania, Consultant 
in plastic Surgery, Alfred I Du Pont Institute, Wilmington, Delaware 

HARRY M. VARS, Ph D,, Assistant Professor of Biochemistry m Surgical Research, 
School of Medicine, University of Pennsylvania, Phihdelphia 

JAMES WALKER, M.D„ Captain, Medical Corps, Amy of the United States 

MICHAEL C. WOHL, M.D., F,A.C,P., Associate Professor of Xfedicine, Temple 
University School of Medicine, Pluhdelphia 

HAROLD A. ZINTEC, M.D., O.Se. (Med.), Associate in Surgery, School of 
Medicine, University of Pennsylvania, Philadelphia 



THE SURGICAL CLI 
of 

NORTH AMERICA'^ 



PHILADELPHIA NUMBER 


SYMPOSIUM ON SURGICAL PHYSIOLOGY 


FOREWORD 

Tjie advances m our knowledge of normal function, of the abnor- 
malities from the normal which occur in disease and the effect of 
these on biologic processes make it mandatory that the surgeon be 
more than a mere operator The operabon will always remain the 
most dramatic part of surgical therapeusis, but thorou^, painstaking 
preoperabve and postoperative care plays an ever-increasmg role in 
the end results of operative procedures By a successful operation we 
now mean a well patient The surgeon now accepts complete respon 
sibility for the preoperah'c and postoperab\ e care of the patient 
A full understanding of the factors influencing morbidity and mor- 
tality requires a wider appreciation of the collateral circumstances 
which attend surgical disease and the complications attending anes- 
thesia and operabon This volume is presented to provide m bnef 
form a variety of subjects of major importance to surgeons It is not 
a monograph, of surgical physiology or of biochemistry m surgical 
disease The subjects have been chosen because of the author’s mter- 
est in specific fields There are without doubt other subjects of equal, 
or even greater interest to siugeons, but the size of this \olume is 
limited It IS hoped that the essays contained herein wdl provide 
useful informihon on the pathologic physiology of certain processes 
The foundation of modem surgical therapy has become broader and 
firmer This circumstance has come about as the clinician has become 
more familiar u ith the factors governing normal function In this vol- 
ume wll be found what may occur when disease, anesthesia or op 
eration causes abnormalities of normal function Such circumstances 
are of interest to the surgeon regardless of the specific field of surgery 
in which his major interest lies 

I S Ravdiv, M D 

Consulting Editor 
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PROTEIN DEFICIENCY IN SURGICAL PATIENTS 
I S Ravdin, M D , FACS* 

Protein deficiency as seen m surgical patients is nearly always a 
complicated phenomenon The deficiency is as a rule, associated with 
an inadequate intake of the primary foodstuffs as well as one or more 
of the known vitamins Prolonged subsistence on minimal levels of 
protein intake is hazardous Normal growth and normal utilization of 
protein depend upon the presence of eight to ten essential ammo 
acids ^ There are frequently associated alterations in the fluid and 
electrolyte balance and stores of the body, as Doctor Abbott^ has 
pointed out To maintain good nutrition an adequate amount and an 
adequate variety of various primary and accessory foodstuffs min 
erals and water jnust be ingested and these must be absorbed and 
utilized in the body economy 

This chapter will concern itself with certain aspects of protein de* 
ficiency in surgical patients A deficiency in the protein nutrition re- 
sults in many changes in physiological activity, and certain of these 
changes can be demonstrated before serious protein starvation is 
evident 

. Proteins are an important part of all cells, including the nuclei The 
/ enzymes hormones and antibodies of man are in the mam protein in 
character The plasma proteins through their colloid osmotic effect, 
play an important role m maintaining normal relations between intra- 
cellular and extracellular body fluid 

The plasma proteins consist of two mam groups the albumins and 
the globulins Each of the subfractions has specific physiological func- 
tions Serum albumin is responsible for approximately 85 per cent of 
the colloid osmotic effect of the plasma proteins Fibrinogen pro 
thrombin and the antibodies are found in the globulin fractions Pro 
tein undemutntion is first manifested by a fall in serum albumin con 
centration although if means to determine it were available the first 
effect of protein undemutntion is a reduction in the amount of protein 
stored in tlie tissues of the body since every attempt is made to mam 
tain the serum protein concentration at a nearly normal level In this 
sense hjpoproteinemia either in the total of circulating protein or its 
concenh'ation is indicative of *1 reduction in the Tabile or reserve 
stores of body protein 

The restoration to normal of a reduced serum pr otein content must 

From the Harrison Department of Surgical Research School of Medicine Um 
versity of Pennsylvama Philadelphia „ . 

• John Rhea Barton Professor tk Surgery and Director of the Hamson Depart 
ment of Surg cal Research Schoed of Medicine Umvenity of Pennsyhania hur 
geon m Chief Hospital of the University of Pennsylvania 
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not be taken as an indicabon that the tissue deficit of protein has been 
restored, for depleted rescr\e stores of protein are not, as a rule, sig- 
nificantly replenished until the concentration and total amount of 
serum protem have returned to normal 
Cross evident edema does not, as a rule, occur when the serum 
albumm is greater than 3 gm per 100 cc and is, as a rule, present 
when it is less than 25 gm per 100 cc The admirustrahon of large 
amounts of neutral sodium salts to patiewts vnll vncrease the edema 
which may occur at any given level of the plasma protem The paren- 
teral administration of fluids in pre- and postoperative care should, 
therefore, be earned out with rare judgment As soon as the concen- 
trabon of serum albumin falls below the accepted normal, a graded 
retention of fluid takes place Palpable edema indicates that the serum 
albumin concentrabon has reached a cntical level or that senous mal- 
nutnlion has occurred 

When anemia and h>poproteinemia coexist, it is important that the 
pabent be provided adequate protein and iron for hemoglobin syn- 
thesis and an addibonal amount for protein storage and plasma pro- 
tein regeneration If this is not done, hemoglobin synthesis will take 
place at the expense of protem storage and plasma protem regen- 
erabon ^ 

The delerminaUon of nitrogen balance is important in protem nutn 
bon for by this means only can it be known whether protem is being 
stored m the bod) or lost from it An individual is in posibve mtrogen 
balance if the intake of mtrogen by mouth or parenlerally exceeds the 
amount lost from the bod> by all means and in negative mtrogen bal- 
ance if output exceeds the intake In considenng output it is important 
to take into account not only the output in the unne, but also that lost 
from wounds and through suppumbon A negative balance occurs 
when there is excessive breakdown of body protein, abnormal loss 
from anj source or when protein intake is inadequate A positive bal- 
ance occurs when the intake of foodstuffs is adequate both m the 
amount of protein and in total calones Although a posibve nibogen 
balance may be obtained on a relatively low protein intake if the 
caloric intake, especially of carbohydrate is adequate such a dietary 
IS not safe over long penods for it does not provide for sudden de- 
mands during illness or mjury 

Forced feeding considerably in excess of the daily requirements 
leads to the buflding up of the food stores of the body A large porbon 
of the excess protein m. such dietanes is stored as reserve protein and 
can be called upon during penods of stress and sbain without requir- 
mg the catabohsm of important fixed cellular protem 

Proteins are not alike in their nutnbve value, for they vary greatly 
m their content of the nutnbonally essential ammo aads The proteins 
of animals are, as a rule, complete proteins, although even m this 
group considerable vanabons are found in the content of the essenbal 
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amino acids Gelatin, which is of animal origin, is an incomplete pro 
tein and when used m the dietary should be supplemented by proteins 
which contain the missing essential ammo acids The vegetable pro 
terns are not so likely to be complete proteins Supplementation is, as 
a rule, considered excellent nutritional practice, but supplementation 
must take into account the necessity of providing in the protein in- 
gested or injected, all of tlie essential ammo acids 
According to Peters and Van Slyke,® serum albumin can be regen- 
erated at the rate of 25 gm or more per day depending upon the 
adequacy of the dietary intake provided that protein is not being lost 
in excessive amounts from the body 

THE CAUSES OF PROTEIN DEFICIENCY 
In general there are five major causes of protein deficiency 

1 The Insufitcicnt Intake of Protein (Chronic Malnutrition).— 
Tins condition, in the traditional sense, results when there is an inade- 
quate intake of protein to meet tlie nutritive and metabohe demands 
of the body There may be an absolute quantitative deficiency in pro 
tern intake, or the protein, while quantitatively sufficient, may be 
qualitatively inadequate in that as ingested it fails to provide the 
ammo acids essential for a good nutritive state Very frequently the 
deficiency results from an intake quanlitatisely and qualitatively in- 
adequate 

Youmans and his associates* have studied this condition in certain 
areas of our own country The externa! evidences of prolonged protem 
undemutrition may not be readily evident until the individual is sub- 
jected to the increased demands associated with illness or injury 
At times an inadequate intake is imposed upon the patient by a 
physician or surgeon ignorant of nutntioml requirements At others the 
patient restricts intake because of pain, anorexia, nausea or vomiting 
The restricted food intake of the cl^onic alcoholic is anoflier ex- 
ample of this type of defiaency There results a serious loss in the 
reserve stores of protein, anemia and hypoproteinemia together wath 
the events that follow these biologic abnormalities It is more than 
possible that herein lies in large part the danger of alcoholism 

2 Impaired Digestion or Absorption of Protein.— These condi 

tions are found m certain chronic diseases of the gastrointestinal tract 
associated with abnormalities m the secretory activity of the stomach, 
small intestine, pancreas or ‘ ’ ' » — • — in 

patients with intestinal ulc 

lesions or edema of tlie ahr 

rhea It is at times seen in the presence of fistulas of the small bowel 
and is constantly observed in gastrojejunocohe fistula 
The nutritional deficiencies observed in this group are nearly always 
complex ones and are within a brief period associated with anorexia 
and a furtlier restriction m the intake of food Such a vicious circle 



PROTEtN DEFICIZNCY IN SXmclCAL PATIENTS 1309 

results in an intensification of the dietary deficiencies and a further 
dram upon the tissues of the bod> 

3 Impaired Protein SjTilheflis.— The liver is mseparably associated 
\\ith protein s}’nthesis It is generall} agreed that albumin and fibrino- 
gen are formed in the liver Certain globulin fractions are without 
doubt normall} s>Tithesized in part in the liver Addis and his asso- 
ciates'* demonstrated that the liver contains under normal conditions 
a readily mobilizable reserve store of protem which is depleted durmg 
fastmg and restored following adequate feeding Addis has called this 
readily depleted protein "labile protem " While it cannot be demon- 
strated that this “labile’ or "reseive” protein is chemically different 
from the general cjtoplasmic protein, it can easily be demonstrated in 
the rat that during a se\ en day period of fasting tlie liver rapidly loses 
as much as 40 per cent of its total protem and as rapidl> regains it 
following a period of completely adequate feeding 

In the presence of severe hepatic disease, acute or chronic, protein 
synthesis is disturbed Mjers and Keefer’ found that albumin synthe- 
sis was more severely disturbed m hepatic cirrhosis than was globulin 
s\'nlhesis The disturbance may be sufficiently great to result in the 
m% ersion of the normal albumin globulm ratio There results not only 
h>poproteinemia but a serious r^uebon in the stores of reserve pro- 
tein m the body 

The protein deficiency which results from serious hepatic disease 
ina> not be due to an insufficient protein intake although it may be a 
factor in the milder cirrhoses It is due to a fundamental disturbance 
of funebon which preaents the liver from utilizing in a normal manner 
the ammo acids as bmldmg stones for protem synthesis 

In many hepahe disorders, the cirrhoses, to'ac and infecbous hepat- 
itis, and primary and secondary mabgnancy, the disturbance m protein 
synthesis usually parallels the degree of hepatocellular injury and de- 
struebon In the absence of proteinuria and other discernible causes 
of protem loss, and ^vlth an adequate intake of protem, hypoprotem- 
emia and its sequelae, or associated phenomena, should be considered 
as e\ndence of inadequate protem synthesis 

4 Increased Loss of Protem from the Body.— Some protein, in the 
form of the nitrogenous products of protein catabolism, is constantly 
excreted in the unne This is a normal mechanism and provides for 
the disposal of such mtrogenous material as is no longer useful in the 
body econom) 

The amount of protem lost in the unne m certain lesions of the kid- 
ney may, howexer, be so great that under none of the conditions now 
aiailable can the protein deficiency be corrected until a more normal 
renal function is established Here again the fraction of the serum 
protem which suffers to the greatest degree is the albumin 

In the d>sentenes and m colitis, especially ulcerative colitis, the loss 
of plasma and blood ma> be considerable, and m addihon there is 
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frequently an impaired absorption of protein In long standing sup- 
puration, m conditions associated with internal exudates or transu 
dates, as m peritonitis and thoracic empyema, and m extensive super 
ficial injury, such as large superficial bums, the loss of plasma protein 
may be very great 

In addition, m most of these conditions there is apt to occur an 
mcreasing anemia unless special efforts are made to prevent it The 
significance of an anemia, especially a marked reduction of the hemo- 
globin in the presence of a protein deficiency, must be clearly under- 
stood 

Whipple* has summarized this relationship as follows “We believed 
that in a dog, both anemic and plasma depleted, we could influence 
the protein flow toward hemoglobin by one food factor or toward 
plasma protein by another food . To our surprise we observed that 
such dogs (hemoglobin and plasma protein deficient) always produce 
more hemoglobin than plasma protem no matter what diet protem is 
used Hemoglobin in its production may draw on the plasma pro- 
tein but hemoglobin stands apart m the protein economy and does 
not contnbute freely to the protein pool On the other band, the body 
guards jealously the fabrication of hemoglobin and given a real need 
for both plasma protein and hemoglobin the protein flow favors hemo 
globin, which under these circumstances is produced in more abun 
dance than the plasma protein ’ Every possible effort, therefore, should 
be made to correct an existing anemia m protem deficient surgical 
patients 

5 Increased Catabolism of Protein in the Body.—Some protein is 
constantly being broken doNvn in the normal processes of metabolisrn 
In fever, in hyperthyroidism, as well as in other conditions associated 
with an increase m the metabolic rate, such as myelogenous leukemia, 
there occurs a marked increase in the rate of protem breakdown In 
the severe infections even those unassociated with suppuration a 
rapidly developing hypoprotememia may be observed 

The effect of such a disturbance on the hemodynamics of the cirai- 
lahon may be considerable We have shown,® as have others, that the 
hypoproteinemic dog is more susceptible to hemorrhagic shock, and 
no one would question the increased susceptibihty of the undernour- 
ished individual to traumabc shock 

Cannon and his associates'® in a senes of important contnbutions 
have pointed out the close relationship existing between protem de- 
ficiency and an inability to develop adequate antibodies This very 
important field is just now being rapidly extended but the knowledge 
already gained begins to complete the mosaic, which was previO''*'y 
fragmentary, regarding the relationship behveen the nutritional state 
and the general resistance of the patient The work of this group is o 
paramount importance to the surgeon 

Rose and I" have repeatedly observed that the failure of a pabent 
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suffering from hyperthyroidism to gun weight dunng the period of 
preoperative therapy may be of senous consequence in that the mor 
bidity and mortality of operation is increased in such patients 
Tlie body requirements of protein cannot fail to be met even for 
relabvely short periods in tliose subjected to senous acute illness or 
injury avithout profound physiological changes When a deficiency of 
such requirements occurs over relabvely protracted penods, morbidity 
K increased, convalescence is retarded and the mortality of a variety 
of condibons will be mcreased Tillett and his associates'^ have shoNvn 
that a rapid loss of serum and bssue protein may be an important 
factor in the cause of death of pabents following severe bacterial 
mfecbon even when tlie mfecbon has been controlled by chemother- 
apy This entire field which is only now receiving the attenbon of 
competent investigators \vill without doubt provide mformabon of 
great value in the care of our pabents When it is considered that 
following even relabvely minor operabons there takes place a marked 
mcrease in protein catabolism and following major procedures a more 
extensive protein breakdown, the significance of an adequate nutrihve 
state becomes even more apparent 

SOME SURGICAL PRODLEMS OP PROTEIN DEHCIENCY 
The selection of a few illustrations of the specific effects of protein 
deficiency must of course be conditioned by ones interests, both 
chmcal and experimental As a surgeon my attenbon has been directed 
to a few of the condibons resulting from penods of protein deficiency 
I shall describe certain of these although I might well have selected 
many others of equal or even greater significance 
Lund and Levenson^® in an excellent review have called attenbon to 
the importance of correcting protein deficiencies in shock m local or 
general hypoproteinemic edema in the healing of wounds in mfecbon 
and m the detoxification of certain noxious substances To these should 
be added the importance of correcting a protein deficiency dunng con 
valescence for it is at such a period that a great deal can be accom 
phshed m facilitating a speedy and complete recovery 
Every operation every injury and infection is associated with a 
penod of increased nitrogen catabolism resulbng m most mstances in 
a negative nitrogen balance Cuthberlson^* has shown that a negabve 
nibogen balance occurs for a period of time after a simple fracture, 
and Rhoads and Kasinskas'* have shoxvn that a senous protein de 
ficiency retards the healing of fractures 

Wound Healing —In 1934 Harvey'* in the discussion of a paper on 
wound disruption by Meleney and Howes" stated There are consb 
tubonal alterations which may lead to weakening of the wound In 
a young infant badly nourished with pyloric stenosis for instance the 
wound IS not likelv to heal a\ell With carcinoma of the stomach 
the wound is not likely to heal well Senihty per se has nothing to do 
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witli it but with extreme malnutnbon and anemia the wound will not 
heal well la 1935 Smelo“ working in our laboratories on certain 
aspects of superficial wound healing concluded that “factors other 
than the local dressing appear to play tlie dominant role determining 
the rate of wound healmg “ 

We’-' have shown tint dogswhichinve been madeprotein deficient by 
plasmapheresis and prolonged feeding of a low protein diet but amply 
supplied with the known vitamins have a marked delay m fibroblasbc 
proliferation The hjpoproteinemia in our dogs uis but one easily 
measurable indication of p/olem starvation W'e ivere at first inclined 
to attribute the delay in fibroblastic proliferation to the presence of 
edema and it very likely plays a part, but we believe that the mecha 
nisra is in large part associated with a profound disturbance in protein 
metabohsm 

Admont Clark*^ showed that on a diet high in protem there was no 
quiescent period in the repair of wounds, and Harvey and Howes"* 
have reported that such a diet causes accelerated fibroblastic prohf 
eration 

Hartzell Winfield and Irvin’’" have found hypoprotememia to be 
more frequent m patients «ith wound disruption than is a vitamin C 
deflciencj and Mulholland and his co ivorkers"* and many others 
have now demonstrated the am izing healing which can take place in 
certain decubitus ulcers when nothing else is changed in the care of 
these patients except the addition of an adequate amount of protein 
to the diet 

Hvpoproieinemia and Edema —Jones and Eaton** first reported 
that edema resulting from hypoprolememia was not uncommon m 
patients before and after operation for gastrointestinal lesions espe 
cially those of the stomach and duodenum The large amounts of 
sodium chloride giien such patients to overcome their dehydration 
serve to intensify the edema occurring at any given concentration of 
the plasma protein 

Hypoproteinemia may give nse to so intense an edema following a 
gastrointestinal anastomosis as to mimic in every way a mechanical 
defect in tlie anastomosis *’ The impediment to normal gastrointes 
tinal flow 15 frequently the result of an accentuation and prolongation 
of the edema associated noth hypoproteinemn and the trauma of 
operation 

On a number of occasions we have seen such stomata fail to func 
tion normally until by one means or another the hypoprotememn was 
overcome When this was accomplished normal emptying took pla<^ 
and the fear th it the complication was due to a defect in the melhoQ 
of anastomosis gave way to the feeling that we should pay more atten 
tion to nutrition and (he factors which are responsible for keeping 
fluids in blood vessels 

Fractures -Cuthbertson** found evidences of a markedly negative 
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nitrogen balance following fractures. Tlie nitrogen lost in the urine 
was as great as 25 gm. for twenty-four hours, and a negative nitrogen 
balance continued for many days unless strenuous attempts to increase 
the intake of protein were made. 

Rhoads and Kasinskas’'* have shown that a deficiency of protein 
markedly affects bone healing. Dogs rendered protein deficient showed 
a marked delay in bone healing. Tliey found that sometimes for as 
long as seventy-si,\ days after a division of a bone in hypoproteinemic 
animals there was little evidence of callus formation, while the ani- 
mals with normal protein stores showed good callus formation at 
the end of thirty-nine days. 

Liver Damage and Liver Regeiicralion.— Thirty-four years ago 
Opie and Alford-^- reported that the incidence of necrosis of the 
liver following the use of chloroform could be greatly reduced if a 
diet high in carbohydrate was administered to dogs for several days 
prior to anesthetization and that increased susceptibility occurred if 
the diet was high in fat. Surgeons, internists and even physiologists 
apparently accepted the data which these investigators presented, 
this in spite of the fact that Moise and Smith,®® in 1934, called atten- 
tion to the inadequacies of the diets used by these early investigators. 
These diets were neither pure nor adequate to meet the energy re- 
quirements of growing dogs. 

Data which Goldschmidt, Vars and P* have obtained demonstrate 
that a liver high in lipid content and low in available protein is maxi- 
mally susceptible to injury following chloroform anesthesia, while a 
liver low in lipid content and high in available protein is maximally 
protected against injury. Even in the presence of a high concentration 
of liver lipid we found that a diet adequate in its protein and caloric 
content and administered for several days prior to anesthetization 
greatly reduced the incidence of necrosis of the liver. 

Whipple and his co-workers’®- ” have since confirmed our data 
showing that a diet adequate in protein will protect the liver from 
injury during chloroform necrosis. They have extended these observa- 
tions by demonstrating that a similar diet protects the liver from 
arsphenamine necrosis, while Smith’* has found that it protects the 
liver from selenium poisoning. 

More recently Miller, Ross and. Whipple’® have stated that methio- 
nine and to a lesser extent cystine are the active fractions of the pro- 
tein molecule which offer tin’s protection against chloroform. 

Nitrogen Imbalance After Opcralion.—Not only does a protein 
deficiency exist in many instances prior to operation, but the increase 
in protein catabolism which is brought on by many operations may 
induce this or intensify it subsequent to operation. Tliis is all the more 
true when extensive tissue trauma leads to exudation or when infec- 
tion supervenes. Elman’® found that the negative balance after cer- 
tain operations was such as to result in a rapidly increasing protein 
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deficiency, and Browne, Schenker and Stevenson’s'*^ studies confirm 
those of Elman 

Although the protein stores may appear adequate, hemorrhage, 
serum loss, infection and suppuration, and the increased protem catab- 
olism following operation may result in such a dram on the available 
stores of protein as to initiate a series of comphcations which m spite 
of a technically perfect operabon may cause a fatal ending 

The Correction of Protein Deficiency.— We have used various 
methods in attempting to sustam or reinforce the protem stores of the 
body both before and after operation The exact method used in any 
given instance must depend upon a number of factors On one thing 
all investigators are agreed, the best route to supply the energy re- 
quirements of a patient and to add to the various stores of body food- 
stuffs IS the oral route When there exists no contraindication to oral 
or orojejunal feeding, other routes should not be used except for sup- 
plementary feeding 

The diet should be one which the patient will eat It is not what is 
offered the patient that counts, it is what he actually eats Since nearly 
all deficiencies are mixed ones, the dietary when offered by mouth 
should be ample for good nutrition 
The ordinary patient does well on a protem intake of 1 gm per 
kilogram of body weight per day During short periods even this 
amount may be reduced if sulBaent carbohydrate is added to the diet 
In extensive superficial bums and extensive trauma of other types, and 
in severe infections, especially those associated with suppuration, the 
protem intake should be greatly increased A positive nitrogen balance 
may not be obtainable m the presence of acute injury or infection 
under any program of feeding Not only arc large amounts of protem 
often necessary— amounts as high as gm per day— but the total 
calonc intake should likewise be increased from 2000 to 2500 to 3500 
to 4000 calories a day 

We have found^* Aat after major abdominal operations, such as a 
gastric resection, mixed jejunal feedings in which the twenty four hour 
mtake of nitrogen is 0 3 gm and the calonc intake not less than 30 
calories per kilogram of body weight will usually result m a positive 
nitrogen balance These amounts in our experience must be increased 
when parenteral feeding alone is resorted to 
^Vhen oral feeding is used, whole foodstuffs should be given There 
IS no beneficence m feeding protein hydrolysates unless definite evi 
dence of faulty digestion is available Feeding of mixtures of polypep- 
tides and ammo acids may result m an absorption rate of amino acids 
which IS more rapid than can be resynthesized by the liver, especially 
when the function of this organ is not normal , 

Koop and his associates®® have provided good evidence that 
feeding prior to operation is of real value if this can be done, for while 
the amount of nitrogen lost in the urme subsequent to operation may 
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still be considerable, the amount of nitrogen stored as protein by the 
forced feeding leaves the patient with a credit in his storehouses 
One of the most important and fascinating developments in post- 
operative care has been the wider application of early ambulation 
As this has been extended, surgeons have given more specific atten- 
tion to convalescence and reconditioning beginning with the period 
immediately after operation In order that this be achieved it is im- 
portant to increase the consumption of foodstuffs It is only in this way 
that the losses encountered during penods of underfeeding, illness 
and injury can be promptly corrected, and physical rehabilitation be 
facilitated 

After the immediate crisis of the operation has passed, the patient 
should be placed on a diet containing 125 to 150 gm of protem with 
sufficient carbohydrate and fat to provide from 2600 to 3500 calories 
per day 

There are other means of supplymg foodstuffs when the voluntary 
ingestion is impossible or when only small amounts can be adminis- 
tered by this route It is possible to use protein hydrolysates by tube 
feeding into the stomach or jejunum in conjunction with glucose and 
even fat In our experience diarrhea very often results when large 
amounts are fed m this manner Protein can be administered as 
human plasma, human albumin, as hydrolysates of casein or fibrin, as 
gelatin or as whole blood 

There are practical contraindications to the use of large amounts of 
plasma or albumin intravenously for replenishing chronic protein defi- 
cits The increased blood volume which occius followng their use 
may increase the circulating volume to a degree which may lead to 
cardiac embarrassment These substances are very useful during tem- 
porary periods of hepatic insufficiency, but they are expensive and 
evidence is available that they do not serve adequately for long 
periods as the only source of protein m the presence of serious protein 
deficits 

Casein, lactalbumin and fibrin hydrolysates have been widely used 
intravenously reinforced with glucose to increase the total caloric in- 
take It has been found that when they are administered in sufficient 
amounts— 05 gm of nitrogen and 30 calories per kilogram of body 
weight per day— a positive nitrogen balance can usually be maintained 

Gelatin in our hands has proved to be an excellent plasma substi- 
tute when an acute plasma deficiency exists Gelatin is, however, not 
a complete protein in that it is lacking in certain of the essential ammo 
acids, so that it is an unsatisfactory source of nutritional protein Re- 
cently Brunschwig^® has published data which suggest that, reinforced 
'vith the necessary essential amino acids which are lacking m gelatin, 
a positive nitrogen balance can be maintained, and Riegel^^ and others 
have shown that when a protem hydrolysate and gelatin are used in 
equal amounts in terms of nitrogen, a positive balance is attainable 
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Whole blood is useful in overcoming an anemia in protein deficaent 
patients but it is not an economical source of protein in protein de 
ficiency 

A considerable amount of literature has been built up on the value 
of the sulfur containing ammo acids, especially methionine, in pro 
tecting the liver from certain noxious agents, in reducing the nitrogen 
lost in the urine after severe injury*" and in the repair of injured 
viscera There can be no doubt but that methionine is at times useful 
in all of these conditions but all investigators are not m agreement 
regarding its usefulness** In attempting to reconcile the negative re 
suits of some investigators with the positive ones reported by others, 
I have been impressed by the fact that unsuccessful results have 
been obtained in animal and clinical investigations where the dietary 
being fed had for some time been ample in its protem and in its 
methionine content On the other hand when for a period a protein 
deficiency had existed the administration of methionine supplementa 
tlon in man subsisting on a dietary containing 40 gm of protein 
and adequate carbohydrate and fat will not result in a reduction in 
the nitrogen lost m the urine, but it will do so on a similar isocalonc 
dietary where the protem is reduced to 20 gm daily It is important 
to stress the point that methionine has been proved of value only when 
the dietary has been inadequate Its usefulness, therefore depends 
upon whether or not the patient is already receiving an optimal 
amount of methionine m the daily ration 

CONCLUSIONS 

More intelligent efforts must be directed toward improving the gen 
eral nutrition of patients suffering from surgical lesions if there is to 
result a further lowenng of the morbidity of these conditions a reduc- 
tion in their mortality greater safely of radical operative procedures 
and m a shortening of the period of convalescence The protection of 
the protein reserves of the body or their restoration should they have 
become depleted is of primary importance The most rapid means of 
restoring nutritional deficiencies is to feed the patient by mouth a diet 
adequate in composition and in total calones The mtravenous route 
should be used only when the oral route cannot be used or to supple 
ment oral intake 
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NEWER CONCEPTS OF THE PATHOLOGIC PHYSIOLOGY OF 
SHOCK? PERIPHERAL CIRCULATORY COLLAPSE 

Norman E Freeman, M D , F A C S ® 

Under the stimulus of ^Vorld War II, numerous researches have 
been carried on dunng the past five years to investigate the mecha- 
nism of peripheral circulatory collapse These observations necessitate 
changes m the concepts previously held concerning the nature of this 
condition In an article published m December, 1941,^ shock ^vas 
defined as ‘ the clmical condition characterized by progressive loss of 
circulating blood volume resulting from increased capillary permeabil- 
ity ” Recent investigations by a number of observers have cast doubt 
upon the concept that there is a generalized increase in the permeabil- 
ity of the capillaries in regions remote from trauma Again, it has been 
irrefutably shown that the progressive fall in blood pressure in the late 
stages of shock is not corrected by a restoration of blood volume 
Clearly a reorientation is necessary 

BLOOD \OLUME 

Wiggers® in his comprehensive review of shock m 1942 concluded 
that “a reduction of the effective cu-culaling volume and blood pres- 
sure are of basic importance” Full confirmation of this statement with 
regard to the immediate mechanism of traumatic shock was afforded 
by the brilliant investigations of the group of workers at Bellevue Hos- 
pital in New York Under the direction of Coumand* and by means 
of special technics developed for the study of cardiovascular hemo- 
dynamics, measurements were made on patients which replaced the 
assumptions based on previous laboratory investigations in animals 
Richards^ has summarized the findings of these investigators in the 
following statement “The essential finding in all appeared to be an 
inadequate venous return of blood to the heart with diminished car- 
diac output The anatomical factor immediately responsible for this, 
in most instances, was a deficit in circulating blood volume” The 
extent of the reduction in blood volume was directly proportional to 
the magnitude of the injuries There was a close correlation also be- 
tween the degree of reduction in blood volume and the seventy of 
the shock which the patients exhibited A blood volume 30 to 40 per 
cent below normal, according to Noble and Gregersen,® was not an 
uncommon finding in cases of severe shock The blood volumes of 
casualtie s were determined within a few hours of wounding as a part 
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of careful studies by Stewart and Warner® and by Emerson and Ebert ’’ 
A reduction of 40 per cent was usually found in those patients in 
se\ere shock Evans* in Richmond observed a similar reduction in 
blood volume in the patients whom he studied On the other hand in 
cases of abdominal injury even tliough the degree of shock apparent 
on clinical examination and the actual failure of the circulation as 
measured by reduction in cardiac output were of comparable degree 
the total blood volume showed only a lelatively small decrease below 
the limits of normal In addition to the traumatic injury these patients 
were suffering from peritonitis and infection Ebert and Stead® had 
previously reported their clinical observations on the shock which is 
recognized to follow certain severe infections They found that the 
blood volume might be normal even though other measurements of 
the circulation indicated a profound peripheral vascular collapse 
Emerson and Ebert^ described some cases of shock notably those 
associated with severe abdominal injuries or with prolonged hypo 
tension in which circulatory failure persisted in spite of a demon 
strably satisfactory replacement of blood volume In the presence of 
severe infection or prolonged hypotension some other explanation 
rather than reduced blood volume must be considered m order to 
explain the circulatory failure 

CAPILLARY rEBMEADILin 

Many of the former concepts of shock postulated a generalized in 
crease m capillary permeability as the mechanism for the loss of 
plasma from the circulation This supposed change in permeabihty 
was considered to be due to the action of toxins absorbed from trau 
matized areas or to result from anoxia due to reduced circulation By 
some increased capillary permeability was considered to be one of the 
initiating factors m shock and by many it was thought of at least as 
a contributing or sustaining agency Direct studies of capillary per 
meability by numerous investigators have generally failed to demon 
strate loss of plasma from the blood stream other than into the region 
of injury The only positive evidence for such an increased loss was 
in the observations reported by Nelsky and Leiter^® on the appear 
ance of protein from the blood stream in the cervical lymph following 
burns They identified this protein by immunologic methods Studies 
by Cope and Moore who tagged the protein with radioactive eie 
ments failed to confirm these observations In only one experiment 
late m shock did an increase in capillary permeability appear in an 
area remote from trauma Additional evidence against the theory of 
increased capillary permeability was advanced by Noble and 
sen ^2 an j jjy p^j^g liis associates They observed no significant 
differences m the slopes of the curves for the disappearance of tl^ 
dye T 1824 from the blood stream m clinical or experimental shoe 
Tins evidence does not appear to be significant Since the dye is boun 
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to the protein, change in its concentration could only reflect selective 
loss of either dye containing plasma or d>e-free fluid from the blood 
stream Loss of whole plasma would not change the concentration of 
the dye in the circulating plasma 
Of greater import are the observations of Fine and SeUgman 
By the use of plasma proteins tagged with radioactive isotopes they 
examined the capillary leakage hypothesis in hemorrhagic, tourniquet 
and burn shock Tliey found that the tagged plasma protems escaped 
m considerable quantities into the traumatized areas but not mto 
regions remote from trauma Only m the late stages of shock and after 
the administration of large quantities of saline was there evidence of 
the passage of significant amounts of plasma mto nontraumatized 
areas Howland and Mahoney,*® by means of fluid-balance studies, 
noted loss of plasma only into regions of mjury in untreated shock 
produced by intestinal manipulation However, m animals treated with 
plasma a large amount of fluid was not recovered, indicating a gen- 
eralized increase m capillary permeability 
In shock produced by tourniquet, bums or mtestiinl manipulation 
th^ volume of fluid lost locally mto the region of m)ury is expectedly 
large The loss of such a proportion of the circulating blood volume 
would necessarily cause a marked impairment of the circulation, lead- 
ing to shock It still seems possible that, were the local loss restricted, 
significant loss elsewhere might be encountered In expenments pre- 
viously reported,*’ *® local fluid loss was prevented by the application 
of pressure by taping the traumatized extremities Generalized circu 
latory impairment from reflex vasoconstriction was prevented in dogs 
by total sympathectomy or after recovery from spinal cord transection 
Measurements of cardiac output demonstrated that the circulation was 
adequately maintained Determinations of the total blood volume by 
the carbon monoxide metliod showed that a reduction of blood volume 
Occurred as the animals went into shock following trauma, and the 
measured reduction m blood volume in these dogs which went mto 
shock w as greater than could be accounted for by the volume of fluid 
lost into the region of trauma When shock failed to occur, the blood 
volume was higher than would have been expected from the volume 
of fluid lost Fine, Seligman and Frank*® have observed that, following 
a severe burn, the decrease in plasma volume may be far greater than 
can be accounted for on the basis of the loss into the burned area By 
the use of red cells containing radioactive iron, they were able to 
demonstrate a segregation or trapping of blood in the peripheral cir- 
cuhtory bed Their experiments indicated that in shocked dogs some 
20 to SO per cent of the capillary blood volume m tissues was trapped 
m the peripheral bed This “trapping” might have been produced by 
me decompensatory reactions of penpheral blood vessels described by 
Zweifach, Abell, Chambers and Clowes^ Page and AbelF* have ob- 
served this segregation of both red cells and plasma m the venules of 
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the dog’s mesentery after severe hemorrhage Richards,* on the other 
hand, reported that m only one case in the senes of patients studied 
at the Bellevue Hospital was there evidence of “trappnig’ of blood 
m vessels with no active circulation Fme and his associates*® con- 
cluded that “the progressive decline in shock is not due to a progres- 
sive fall in plasma volume but to a progressive fall m the volume of 
actively circulating phsma “ In all these investigations on the site of 
the loss of plasma volume from the arculation, no effort was made to 
restrict the loss of fluid into the traumatized region In the face of a 
major loss of blood and plasma into the area of injury the minor loss 
through other means might not be recognized Only under the condi- 
tions of restricted local fluid loss would the loss into areas remote 
from trauma become discernible 

THE QUESTION OF INFECTION 

The possibility that peripheral circulatory collapse which could not 
be accounted for on the basis of the amount of fluid lost into the area 
of injury might be due to the development of toxins from infecbon in 
the traumatized muscles must be considered Pope and his associates” 
have shown that the fluid from ischemic dog muscle js frequently toxic 
due to the presence of bacterial contamination They concluded that 
“the element of bacterial infection and its consequences are factors 
that must be taken into consideration in physiologic experiments which 
continue for longer than a few hours ’ Freed and his colleagues” 
found that crushed muscle m dogs was always infected Since the 
duration of the experiments which we performed was generally only 
three to four hours, the possibility that infection played a part is not 
likely but It may hive been a significant factor 

FAILURE OF LOCAL FLUID LOSS TO ACCOUNT FOR SHOCK 

Recent experiments by different groups of observers®* have 

cast doubt on the concept that local fluid loss after trauma or bums 
of the extremities is necessarily the cause of shock and death Oui own 
observabons** that shock could be produced by muscle trauma even 
with the restriction of local fluid loss are in keepmg wth these reports 
Scott®® found that of twenty-one dogs, after application of a 
mabc tourniquet sufficient to obstruct the venous return, twelve (57 
per cent) died while the remaining nine made complete spontaneous 
recoveries The average amount of fluid loss into Ae lower extrem- 
ities m the two groups of animals was practically idenbcal He ex- 
cluded that some other factor than local fluid loss must have been tM 
prunary cause of this type of shock During the course of over StW 
experiments on crushing injuries in dogs, Ricca and his assomates 
found that survival or death of the anunal could not be predicted 
the amount of swelling of the leg By means of chemicil analyses they 
demonstrated that the fluid which extravasates into the traumatized 
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eitremity is mobilized from the rest of the tissues of the body Only 
a portion of it is contributed by the loss of circulating plasma Part 
of the protein content of this fluid came from the cell proteins of the 
traumatized tissues 

An additional observation which may be taken as evidence against 
the purely local fluid loss eTplanation of shock is tlie beneficial effect 
of cold, especially when applied locally to the traumatized area 
Numerous wivestigators"® have demonstrated that either 

the onset of shock was delayed or ultimate survival was permitted by 
this local application of cold Green and Bergeron®- found no sig- 
nificant difference between the measured edema of dogs kept in the 
laboratory and those kept in a cool environment following ischemic 
injuries of the extremities However, the estimated maximum edema 
was greater m the former group The beneficial effects of a cool en- 
vironment were ascribed to a reduction m the metabolic activities of 
tissues, both local and general 

To summarize these findings The volume of fluid lost into the 
region of trauma was frequently not sufficient to account for the de- 
crease in plasma volume and there was frequently no correlation be- 
hveen the amount of local loss and the survival or death of the ammal 

FAILURE OF REPLACERIENT THERAPY TO PREVENT SHOCK 

The fact that replacement therapy is not always effective in pre- 
venting shock IS another indication that simple loss of plasma or blood 
volume alone is not the sole ejqiHnation Wilson and Roome®® were 
the first to show that tourniquet shock in the dog could not be pre- 
vented by the administration of quantities of plasma greater in amount 
than the quantity of fluid lost into the injured area It was only by 
combined amputation of the ischemic extremity and fluid repHceinent 
that recovery was assured These experiments are open to the criti- 
cism that the element of infection was not taken into consideration 
Ebert and Stead® have shown that when peripheral circulatory col- 
lapse is due to infection it will not respond to increasing the blood 
volume but only to controlling the infection This failure of tlie ad- 
inmistration of blood to combat shock which is due to infection does 
not mean that restoration of the depleted blood volume which is 
simultaneously present will not be of help Dunphy and Gibson®* 
have shown that the replacement of plasma as it is being lost in ex- 
perimental burns does much to ameliorate the pathological changes 

failure of replacement therapy in IRREVERSIBLE 
IIEMOimUAGIC SHOCK 

The inability of replacement therapy to prevent death from hemor- 
rhagic shock, if the circulation has been seriously depressed for a 
considerable period of time, has been the subject of much fruitful 
research Wiggers and Ingraham®-* have differentiated three major con- 
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ditions which may develop from uncomplicated hemorrhage of van 
able duration and intensity— simple hemorrhagic hypotension impend 
mg shock state and irreversible shock After a trial of various agents 
for the treatment of hemorrhagic shock which was not responsive to 
the replacement of all shed blood Frank Sebgman and Fine®® came 
to the conclusion that “advanced shock constitutes a state of progres 
sive deterioration which is not amenable to the types of therapy now 
available probably because fundamental biochemical changes have 
developed as a result of prolonged deficiency of capillary flow These 
changes may result from injury predominantly involving one vital 
organ such as the liver or from widespread cellular damage" In 
further experiments thej” demonstrated that the maintenance of an 
adequate blood flow through the liver was sufficient to prevent the 
development of irreversibility to transfusion in prolonged hemorrhagic 
shock These findings appear to substantiate observations which we 
have previously reported®^ on the protection from the lethal effects of 
hemorrhage which was afforded dogs by preliminary sympathectomy 
Whereas prolonged h>potension produced extensive necrosis of the 
liver lobules in normal dogs after sympathectomy the animals could 
stand prolonged periods of hypotension without the development of 
liver necrosis That the state of hypotension had been severe was 
shown by the s>’mptoms of cerebral damage from anoxia shown by 
one of the sympathectomized dogs that recovered Frank Sehgman 
and Fine®® noted similar cerebral symptoms in some of their liver 
perfused” dogs and took this symptom as a criterion of the onset of 
■’ nents b> pre 

m might thus 
consequences 
liver by com 

plete occlusion of the circulation for more than forty five minutes was 
demonstrated in the rat by Engel Harrison and Long®® They sug 
gested that the irreversible stage of shock might be related to the 
failure of metabolic functions which they observed 

AIETADOLIC aiANGES 

The observations on the significant part played by hepatic damage 
in the development of irreversible shock point toward some disturb 
ance in cellular metabolism as the next field for research into the 
etiology of this condition Stead and Warren®® have brought out 
clearly the fact that this generalized failure in cellular metabolism is 
a frequent cause of the shock syndrome”— however this failure be pm 
duced Search for the significant disturbances has not as yet provaded 
a clear answer as to the nature of the process involved but there have 
been numerous suggestive studies The breakdown of the sodium 
barrier” as a result of bums allowing large quantities of sodium to 
pass into the intracellular compartment and thus produce severe sa t 
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depletion, has been reported by Fox and Keston.^*^ The benefits of salt 
replacement therapy to correct this disturbance have been emphasized 
by Rosenthab- and by Hechter, Bergman and Prinzmetal.'*^ However, 
in the treatment of salt depiction shock, Winkler, Danowski and 
Elkinton** found that colloid-containing solutions can exert a benefi- 
cial efiect clearly beyond that due to the sodium chloride which they 
contain. 

Considerable interest has been shown in tlie enzymatic processes in 
shock. Administration of clmlinestcrase produced remarkable results 
in the prevention of shock from intestinal manipulation, according to 
Schachter."*’ Recovery took place in sixteen out of eighteen dogs with 
this form of treatment, although all the control* animals died. Metab- 
olic studies by Davidson and his co-workers^® on a group of patients 
with severe illnesses showed a “marked correlation between the 
degree of peripheral vascular failure and the profoundness of the bio- 
chemical abnormalities.” The increase in the blood keto acids occur- 
ring in shock due to hemorrhage and the decrease following adminis- 
tration of thiamine widi prolongation of suiAwal times was reported 
by Govier and Greer.*^ Tlie increase in tissue thiamine with corre- 
sponding decrease in cocarboxylasc found in hemorrhagic shock by 
/dexander*® suggested that thiamine might be of significance in the 
etiology of shock. Katzin and Warren,^® however, were unable to 
demonstrate any correlation between thiamine deficiency and shock. 
Inhibition of amino acid oxidation in shock was found by De Turk 
and Greig®® and this explanation was advanced to account for the 
increased, concentration of amino acids noted in clinical cases by 
Lurje®^ and in experimental shock by Engel, Winton and Long.®® The 
experiments of Russell, Long and EngeP® showed that the increase in 
blood amino nitrogen was due, at least in part, to an increase in 
protein catabolism in the peripheral tissues. That this increase in con- 
centration is not due to failure of deamination associated \\*ith liver 
injury was reported by Frank, Seligman and Fine.®'^ 

The value of sodium succinate as a supplement to the use of dog 
plasma albumin in the treatment of shock due to the application of 
a tourniquet was reported by Mylon, Wintemitz and de Siito-Nagy,®^ 
but Fra^, Seligman and Fine®* were unable to demonstrate its use- 
fulness in the treatment of shock produced in a similar way. Sodium 
succinate was found by Hechter, Bergman and Prinzmetal*® to be no 
njore effective in the treatment of shock due to bums than was sodium 
chloride. 

Chemical changes in muscle due to anoxia and injury have also 
Interest. Anoxia of muscle produces changes in the exchange 
of phosphates similar to those produced by exercise, according to 
tollman and Flock.®® With restoration of the circulation after periods 
ot ischemia up to three hours, these changes are rapidly reversed. 
Alter occlusion of the circulation to the muscles for over three hours, 
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dttions which may develop from uncomphcated hemorrhage of van- 
able duration and intensity— simple hemorrhagic hypotension, impend- 
ing slioclc state, and irreversible shock After a trial of various agents 
for the treatment of hemorrhagic shock which was not responsive to 
the replacement of all shed blood, Frank, Sehgman and Fine®® came 
to the conclusion that “advanced shock constitutes a state of progres 
sive deterioration which is not amenable to the types of therapy now 
available, probably because fundamental biochemical changes have 
developed as a result of prolonged deficiency of capillary flow These 
changes may result from injury predominantly involving one vital 
organ, such as the hver, or from widespread cellular damage" In 
further experiments thej*®’ demonstrated that the maintenance of an 
adequate blood flow through the liver was suflicient to prevent the 
development of irreversibility to transfusion in prolonged hemorrhage 
shock These findings appear to substantiate observations which we 
have previouslj reported^® on the protection from the lethal effects of 
hemorrhage which was afforded dogs by preliminary sympathectomy 
\Vhereas prolonged hypotension produced extensive necrosis of the 
liver lobules in normal dogs, after sympathectomy the animals could 
stand prolonged periods of hypotension without the development of 
liver necrosis That the state of hypotension had been severe was 
shown by llie sjonptoms of cerebral damage from anoxia shown by 
one of the sympathectomized dogs that recovered Frank, Sehgman 
and Fine*’ noted similar cerebral symptoms in some of their 'liver 
perfused" dogs and took this symptom as a criterion of the onset of 
irreversibiht} Sympathectomy, in our previous experiments, by pre- 
venting reduction of circulation through vasoconstriction, might thus 
have allowed sufficient hepatic blood flow to prevent the consequences 
of irreparable liver injury Irreversible damage to the liver by com- 
plete occlusion of the circulation for more than forty fiv e minutes was 
demonstrated in the rat by Engel, Harrison and Long*® They sug- 
gested that the irreversible stage of shock might be related to the 
failure of metabolic functions which they observed 

METABOLIC CHANGES 

The observations on the significant part played by hepatic damage 
m the development of irreversible shock point toward some disturb 
ance in cellular metabolism as Uie next field for research into the 
etiology of this condition Stead and Warren*'* have brought out 
clearly the fact that this "generahzed failure m cellular metabolism is 
a frequent cause of the shock syndrome”— however this failure be pr^ 
duced Search for the significant disturbances has not as yet provaded 
a clear answer as to the nature of the process involved, but there have 
been numerous suggestive studies The breakdoivn of the sodium 
bamer” as a result of bums, allowuig large quantities of sodium to 
pass into the intracellular compartment and thus produce severe salt 
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epletion, has been reported by Fox and Keston.*^ The benefits of salt 
jplacement therapy to correct this disturbance ha\ e been emphasized 
y Rosenthal'- and by Hechter, Bergman and Prinzmetal.'** However, 
1 the treatment of salt depletion shock, inkier, D.ino\N*ski and 
Jlantoa** found that colloid-containing solutions can exert a benefi- 
ial effect clearly beyond that due to tlic sodium cliloride wliich tliey 
an tain . 

Considerable interest has been shown in the cnzymofic processes in 
hock. Administration of cholinesterase produced remarkable results 
1 the prevention of shock from intestinal manipulation, according to 
chachter.** Recover)’ took place in sLvleen out of eighteen dogs uith 
his form of treatment, although all the controf animals died. Metab- 
h’c studies by DaWdson and liis co-workers*** on a group of patients 
rith severe illnesses showed a “marked correlation between the 
legree of peripheral vascular failure and the profoundness of the b:o 
hemical abnormalities.” The increase in the blood kelo acids occur- 
ing in shock due to hemorrhage and the decrease following adminis- 
ration of thiamine w’ith prolongation of simival times was reported 
>y Gorier and Greer.*^ The increase in tissue thiamine with corre- 
ponding decrease in cocarbox>’lase found in hemorrhagic shock by 
Uexander** suggested that thiamine might be of significance in tl» 
!tiolog>' of shock. Katziii and Warren,*® howe\’cr, were unable ta 
lemonstrate any correlation between thiamine deficiency and shock, 
•ohibition of amino acid oxidation in shock was found by De Tcri: 
ind GreSg*® and this explanation was advanced to account for the 
hcreased concentration of amino acids noted in clinical cases bv 
Lurje** and in experimental shock by Engel, Winlon and Long.*- The 
experiments of Russell, Long and EngeP’ show’ed tliat the increase rr 
iilood amino nitrogen was due, at least in part, to an increase ci 
protein catabolism in the peripheral tissues. That this increase in ccc- 
lentration is not due to failure of deamination associated with 
injury was reported by Frank, Seligman and Fine.** 

The value of sodium succinate as a supplement to the use of dc- 
plasma albumin in the treatment of shock due to the apph’cation cf 
a tourniquet was reported by Mylon, Wintemitz and de Sulo-Xarr^ 
but Frank, Seligman and Fine*® were unable to demonstrate its ck- 
fulness in the treatment of shock produced in a similar w’ay. Sccz"~ 
succinate was found by Hechter, Bergman and Prinzmetal** to 
more effective in the treatment of shock due to bums than was 

chloride. - 

Chemical changes in muscle due to anoxia and injury have -V 
been of interest. Anoxia of muscle produces changes in the excL^ 

of phosphates similar to those produced by exercise acco-r*? ^ 

Bollman and Flock.®* With restoration of the circulation after ^ 
of ischemia up to three hours, these changes are rapi 
After occlusion of the circulation to the muscles for ov 
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breakdown of foods to carbon dioxide and water and continues to be 
formed from body tissue when no food or fluids are taken 
The normal person eliminates about 2500 cc of fluid daily through 
the (1) skin (sweat) (300 to 600 cc), (2) lungs (300 to 600 cc ), 
(3) kidneys (600 to 1500 cc ) and (4) intestines (100 cc ) « » « » 
The normal intake and output of water may be changed either by 
a lack of preformed water or by an excessive loss of fluid Butler and 
Talbol^^ have reviewed the intake and output of fluid and salts and 
have stressed the difference in the daily requirements of the infant. 



Fjg 527 —The normal and abnormal intake and output of fluid and salt (The 
possible abnormal loss of fluid and salt is shown in parentheses ) 


adolescent and adult This work points out the much greater caloric, 
water and even salt intake per kilogram of body weight in the infant 
as compared to the adult Such differences are important in treatment 
and should be taken into consideration when one is trying to deter- 
mine what constitutes effective therapy in the infant or adult 
It is easy to see that a marked diminution m the body water and 
the electrolytes will result if excessive perspiration, hyperventilation, 
vomiting drainage from a fistula (biliary, pancreatic or intestinal) or 
diarrhea occurs 

general considerations of osmotic equilibria 

In considering the above facts m detail, one immediately wonders 
wliat governs the location of, and the amount of flmd in the various 
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compartments Since water is retained in the body in a rather constant 
amount it is necessary to consider the mechamsms by which this is 
accomplished 

The passage of fluids from one compartment into another is rapid 
and continuous*^ and yet very httle variation in the size and composi 
tion normally occurs One of the mam factors governing this is the 
osmotic pressure The latter can be defined as the force by uhich a 
solution enclosed witlun a semipermeable membrane attracts water 
The Solutes of the Body Fluids —The solutes of the body fluids 
c ’ * c solutes 

c nc acid 

a (3) the 

organic or colloidal electrolytes (made up mostly of the protein frac 
tions) These tliree types are not only important m maintaining the 
normal fluid distribution in the body but also in maintaining a proper 
acid base balance This htter fact is significant since the body may 
give up electrolytes hich are needed to retain water but it does so 
m order to maintain a relatively normal pH However under most 
circumstances the osmotic pressure is mamtiined early in diseased 
states at the expense of some change in the acid base balance 
Organic Solutes of Small Molectilar Si«e —Since Uie transfer of fluid 
across a membrane is effected mainly by the solutes \vhich are im 
permeable to that membrane it naturally follows that the organic 
solutes of small molecular size are normally of httle importance since 
they diffuse freely through the cell membranes In certain diseased 
states total body water may be increased because of the accumulation 
of organic solutes however it should be remembered that the location 
of such water in the body is not affected by the organic solutes since 
they diffuse freely tliroughout all of the body fluid compartments 
Because the inorganic electrolytes are present in relativeK large 
amounts they are by far the most important factor in determining the 
total osmotic pressure of the body fluids and the quantity of water 
present Before discussing these points m greater detail the significance 
of the colloids might be mentioned ^ 

The Organic or Colloidal Electrolytes {Vrotcin Fractions) —‘Hie 
various protein fractions do produce an osmotic effect but since they 
represent only a small part of the total ” it will not be necessary to 
discuss each one Of the proteins hemoglobin is the only one exerhng 
more than 10 per cent of the total osmotic pressure in either the cells 
or plasma Since the hemoglobin concentration as we generally 
speah of it IS dependent on both the amount of hemoglobin in the ce 
and the number of cells present the usual alterabons encountered are 
of themselves of httle importance as far as the quantity of body water 
IS concerned However Peters® has pointed out that the presence o 
an anemia makes a hypoproteinemie animal or patient more sus 
ceptible to edema It has also been emphasized*’ ** that anoxic 
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states influence membrane permeability either through changes m the 
enzjine systems or other factors Thus, hemoglobin may influence the 
quantity and distribution of the body water but such changes are only 
m a small part due to its osmotic effect 
The albumin fracbon is of smaller molecular size than the rest of 
the plasma proteins, and is important since it exerts 75 to 85 per 
cent of the total colloid osmotic pressure of the plasma proteins Thus 
changes in the albumin fraction are especiallj significant However, 
because of the relatively low concentration of the proteins, as com- 
pared to the inorganic electrolytes, tlic total quantity of body water is 
little influenced by tliem Since the proteins are largely confined to 
the plasma and intracellular spaces, their effect is primarily from the 
standpoint of the transfer of fluid from one compartment to another. 
It IS important to remember that changes solely m the colloid osmotic 
pressure rarely contnbule to the abnormal distribution of body fluid 
Such alterations are usually accompanied by changes m one or more 
of the following factors the capillary permeability, filtration pressure, 
tissue tension and colloid osmotic pressure of the interstitial fluid 
Thus, in the normal person the size of the individual cell and of the 
plasma volume is only partially dependent on the osmotic effect of 
protein In certain abnormal states, plasma proteins, and especially the 
albumin fraction, pass rapidly through membranes to which they nor- 
mally are almost completely impermeable®^ Under such circum- 
stances the volume of the plasma is governed by other factors which 
will subsequently be considered m more detail 
Man and Peters®^ and Ke>s and Butt®' present evidence to show 
that when an individual stands in the upright position there is a loss 
of fluid from the blood into the interstitial fluid compartment of the 
leg This diminution of plasma water occurs due to a rise m the venous 
pressure Keys and Butt®' demonstrated that the loss of fluid caused 
a 24 per cent increase in the plasma protein concentration, and that 
such an increase was accompanied by a rise in the colloid osmotic 
pressure of 58 per cent The total hpoid, fatly acids and cholesterol 
content increased almost as much as the protein concentration How- 
ever, evidence is presented indicating that although the capillaries are 
impermeable to lipoids they exert little or no colloid osmotic effect 
This experiment demonstrates the interrelationship of various factors 
(osmotic pressure, filtration pressure and so forth) and the importance 
of not one but several items in determining the distribution of body 
water 

The importance of a reduction of the plasma protein concentration 
and especially the plasma albumin has been demonstrated in experi- 
mental animals and in patients on a protein deficient diet Clin- 
ically similar states do occur, but m this country such cases are usually 
complicated by a multiplicity of other factors (infection, generalized 
malnutrition including anemia, deficient vitamin intalce) Since it is 
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felt that too little stress has been laid on these and other abnonnaliUes 
(reduced cardiac output, changes ra capillary permeabihty, filtration 
or \enous pressure, and reduc^ ladney function) they are here em 
phasized so that a more complete understanding and hence a more 
rational therapy will be prescribed The occurrence of malnutntion 
edema m surgical patients is fortunately relatively rare and the treat 
ment in many instances is incomplete Too often the patient is given 
plasma transfusions without regard to the existing anemia, hypovitam 
mosis or salt intahe 

It has been shown*^'*® that in the cardiac patient edema results from 
a reduced renal blood flow and hence a reduction in the excrebon of 
sodium Such pabents frequently exhibit a decrease in the plasma al 
bumm concentration although in many instances the total circulabng 
albumin may be normal Improvement is not obtamed by a restora 
tion of the plasma albumin concentration to normal but as a rule a 
normal alburam concentrabon results when rational therapy is pre 
scnbed (rcstncted sodium intake, diuretics, proper diet) TTus point 
IS emphasized since surgical patients exhibiting malnutrition edema 
can also be effectively treated by restncbng salt and promoting a 
diuresis (diuretics, high protein Aet) just as effecbvely as by giving 
plasma or albumm transfusions As a matter of fact, the results of 
the first method are often supenor smce frequently when plasma or 
albumin is employed the other details are overlooked This does not 
mean that blood plasma concentrated plasma and albumin soluhons 
cannot be employed under such circumstances with great benefit This 
discussion IS intended to emphasize that the lack of appreciaboa of 
the various ramificabons of the problem in most instances accounts 
for the slow clinical recovery or the failures that somebmes occur 

Too often the readjustment of an abnormal fiuid disbibubon is ac- 
complished m a manner that h not conducive to best results Fre 
quently we have encountered cases in which diebbans have been in 
structed to provide a low salt diet while at the same time ammo acid 
solutions containing a moderate amount of salt Tre being employed 
In other instances diuretics are given without regard to the salt intake 
The importance of an understanding of the physiological problems 
thus becomes evident 

The Inorganic Zlcctrahjtes —Some of the inorganic elecbolytes are 
far more important than others because they are present m larger 
amounts Thus, in order to avoid confusion little will be said about 
calcium and magnesium since their solute concenbabon is so loiv that 
their osmobc effect is practically neghgible It might he stated how 
ever, that while calcium exerts only a small porbon of the total 
osmobc pressure, its presence in normal amounts is important since 
the concentration of calcium is one of the factors gover^ng the pw 
meabihty of membranes Fortunately, significant changes m the 
plasma calcium level are not frequently encountered clinically and 
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are largely confined to abnormal endocnne or prolonged nutritional 
states 

The inorganic electrolytes are either anions (acid) creations (base) 
Since two or more anions arc present in botli the intracellular and 
extracellular fluids and since an increase or decrease of one is accom- 
panied by a reciprocal fall or nse of the other, the anions have little 
effect on the total osmotic pressure *“* For example, if the extracellular 
fluid chloride content decreases, it is accompanied by an increase in 
bicarbonate or in some instances in the ketone bodies Intracellular 
changes in the chloride and bicarbonate concentrations occur nor- 
mally, depending on the state of oxygen-ition of the blood Abnor- 
mally, persistent changes in concentration of these anions may be 
found, and Guest and Rapoport®^ have pointed out that the concen- 
tration of organic acid soluble phosphorus in the blood cell increases 
in the presence of pyloric obstruction and decreases in other diseased 
states 

Therefore, from the standpoint of the osmotic pressure and the 
quantity of body fluid present the cations, sodium and potassium, are 
the most important In the normal individual sodium is largely con- 
fined to the extracellular space and potassium to the intracellular 
region Because of tlus it has been felt* ** that these two ions play 
the dominant role m determining the quantity of water in each of the 
two mam fluid compartments 

In discussmg the transfer of ions through cell surfaces and mem- 
branes, Krogh** points out that evidence has accumulated which shows 
that Uvmg muscle fibers are definitely permeable to both sodium and 
potassium and under certain circumstances significant changes in the 
intracellular concentration of these ions occur He believes that energy 
expended by the cell causes the absorption of some ions and its re- 
sistance to others If both sodium and potassium are freely permeable, 
the fact that they are present m different concentration leads one to 
beheve that the passage of ions through a membrane is accomplished 
largely by passive means (Donnan equilibnum), and that the preven- 
tion of such a transfer is dependent on the active resistance by the cell 
or its membrane 

In abnormal states it has been pointed out® that when potas- 
sium leaves the cell sodium may on occasion enter Butler, McKhann 
and Gamble^2 demonstrated, in patients with dehydration resulting 
from diarrhea, that a large quantity of water and potassium was with- 
draivn from the intracellular compartment Since intracellular salts 
and water leave the cell during such a state it should be remembered 
fnat a potassium depletion occurs which is not corrected by the usual 
parenteral fluid therapy Interesting studies by Darrow*^ hive recently 
emphasized the importance of the administration of potassium to in- 
tants ivith diarrhea Govan and Darrow^* report a remarkable clinical 
improvement m infants suffering from diarrhea and a highly sig- 
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nificant reduction in the mortabty rate when potassium therapy was 
employed In a previous publication, Darrow® discussed the possible 
significance of this type of therapy and stressed the dangers which 
might result from its use He also pointed out that when intracellular 
sodium enters the extracellular fluid there is a resulting alkalosis and 
when extracellular sodium enters the cell an acidosis tends to occur 
It seems highly probable that future work will clarify the potassium 
need in other diseased states 

In the various body fluids there is frequently a marked difference m 
the ionic pattern but it should be remembered that regardless of the 
chemical difference the total osmotic pressure is approximately the 
same except in those fluids which are excreted onto a relatively im 
permeable epithelial surface (saliva and perspiration) ’ ® 

DEHYDRATION AND OVERHYDRATION 

In considering dehydrated states it is well to emphasize that de 
creases in water or salt may occur As a rule both are lost, but in many 
instances a decrease in one or the other predominates Since the clin- 
ical picture vanes in the two different and distinct types of dehydra 
tion, it IS necessary to emphasize the importance of each® 

Dehydration Due to Deficient Fluid Intake.— McCance** has 
studied the changes occurring in volunteer subjects on an adequate 
diet but a deficient fluid intake He points out that they showed a 
fall m body weight shortly after the individual stopped taking water 
A peculiar pinched gray appearance of the face developed, with the 
patient appearing worse than he actually felt Symptoms of thirst and 
an inability to swallow in the normal fashion developed early There 
was little change m the solute concentration of the various blood con 
stiluents during the first two to four days Subsequently some increase 
m the nitrogenous products in the blood occurred and if the condition 
progressed a slow rise continued The inorganic electrolyte concentra 
tion decreased fairly late when dehydration had existed for several 
days The cellular and protein components showed only moderate 
changes During the first two days the greatest loss was m the extra 
cellular fluid compartment, but later the loss m absolute amounts, 
was predominantly intracellular In proportion to the respective size 
of the two compartments, however, the percentage of decrease of ea<m 
was about equal The daily volume of urine decreased and was largdy 
dependent on the protein catabohzed and the nitrogen excreted The 
changes McCance found in the extracellular and intracellular fluid 
volumes during water deprivation were somewhat similar to the ex- 
perimental findings of Hopper, Elkinton and Winkler They demon- 
strated that a slightly greater amount of intracellular fluid was lost in 
dogs deprived of water Their figures show, however, that the pe^ 
centage of change from normal is greater in the extracellular flui 
volume 



FLUID, ELECTROLYTE AND NUnuTlONAL PROBLEMS 


1337 


Dch}<lration Due to Salt Deficiencj.—In dehydrated stales in 
which salt, or water and salt, are lost the symptoms are more pro- 
nounced than when only a depletion of water occurs There is 

a loss of weight, weakness, mental apathy, anorexia and hypotension 
The extracellular fluid volume shows a much higher percentage of de- 
crease than does the intracellular fluid \\Tien such a condition de- 
velops rapidly, prostration is marked, and hypotension, hemoconcen- 
tration and an increase in the blood cellular and protein constituents 
are important features Tliirst and oliguria are not as pronounced 
as in salt deficiencies and when the available water is also reduced a 
decrease m the volume of urine gradually occurs If, on the other hand, 
fluids are permitted ad libitum and the salt loss is more gradual the 
clinical picture is somewhat different 

Experiments^® have shown that the quantity of water consumed is 
dependent on the amount of salt and nitrogen taken or the amount of 
these constituents to be excreted Tlius the quantity of urine is gov- 
erned to a great extent by the salt and protein intake Work by 
and Cope®^ stress the effect on the kidney (and blood pressure m 
hypertensive animals) of anesthesia and a high protein, salt or water 
intake They point out that the kidney decreases in size during ether- 
ization (presumably due to a reduction m renal blood flow) and in- 
creases when a high protein, salt or water intake is given They believe 
that the increase in size resulting from a continued water and salt 
overload is largely due to hyperemn and that the enlargement from 
protein is accompanied by less temporary but a more permanent in- 
crease (actual renal hypertrophy) An appreciation of the findings in 
the aforementioned experiments®® thus help to clarify the influence 
of certain dietary products and their effect on renal funebon and body 
water 

Carbohydrates in Preventing Dehydration.— Because the intake of 
sufficient calories or an adequate amount of carbohydrate reduces the 
protein catabolism m the presence of a deficient protein intake, it -in 
turn decreases the rapidity with which the water is lost It has been 
shown in human volunteer subjects’* that m states of water, food 
5ind salt deprivation, the taking of as little as 100 gm of carbohydrate 
daily will decrease the rapidity with which dehydration occurs 
Naturally one would expect this smee the mgesfaon of carbohydrate 
reduces the catabolism of protein, and therefore, the kidneys need less 
water to eliminate the nitrogenous waste products Winkler, Danowski, 
Elkmton and Peters®-* state that “anh dehydrating effect of carboby- 
thate early m deprivation is in part the result of the water produced 
tmough its oxidation and m part the result of the protem-sparing 
enect ’ They also point out that “It is possible that with progressive 
Ketosis, the excretion of ketone bodies assumes a greater role m the 
production of dehydration ” 

In states of normal hydration, on the other hand, dextrose has no 
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apparent effect on the rate in which fluid or salt is excreted In the 
report by Campbell lob and Berry®® diey attempt to draw a parallel 
ism between their experiments and those of Gamble and Butler * The 
former workers pointed out that in postoperative patients infused ivith 
a solubon of dextrose and saline the dextrose did not influence the 
rate of electrolyte retention They go on to state that this finding “is 
contrary to the hypothesis of Gamble and Butler ” 

It must be pointed out that the expenments of Gamble and Butler 
were of an entirely different nature The latter workers were dealing 
ivith individuals on a restricted caloric water and salt regimen for 
SIX days while the studies of the former group were conducted oxer 
a much shorter period of time (thirty hours) and in postoperabve 
cases that received normal to excessive intakes of water and salt The 
expenments of Campbell and his associates did not disprove the hy 
pothesis of Gamble and Butler 

Further Notes on Salt Deficiency —In the volunteer subjects 
studied by McCance^’ the salt deficiencies were produced over a 
period of ten to eleven dajs This work demonstrated deficiencies of 
extracellular salt and water of greater magnitude than occurred a 
short term experiments When water was consumed ad libitum cramps 
were noted which resembled those seen in ivater mtoxicabon or so 
called “miner i. l . 

8 pecubar se 
type of fruit t 

washing the mouth with salt water Anorexia and nausea were pronu 
nent symptoms and fatigue and exhaustion occurred The pulse rale 
was not changed although the ampUiude was dimimshed and the 
plasma and blood volumes were apparently decreased The kidney 
contmued to funcbon fairly well although McCance reported'*® th^ the 
rate of urine excretion did not increase rapidlv as it does m individuals 
who are in a normal stale of hydrabon®* following the ingestion of 
large amounts of water Others ® have observed that even in the pres 
ence of dehydration a relabvelj nonnal diuresis wdl often occur 
water is administered Salt free hquids will provide fluid for the lad 
neys but it should be remembered that the body requues both water 
and salt to correct a stale of dehydrabon . . 

McCance*® noted that the sjanploms chemical changes and the faiJ 
lire of a diuresis to occur following the administration of water r^ 
sembled that seen m Addisons disease®® *® A nse in the cell count, 
hemoglobin concentration and plasma protein level also took place 
although these changes were not as marked as those seen in 

acute expenments A definite negative nib-ogen balance was noted ana 

the kidneys gradually lost 4eir efficiency for excreting the nitrogenous 
waste products , 

When a temporary alkalosis was produced m the aforernenboii 
expenments by hypervenhlatia& it caused a considerable reduebon m 
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the volume of urine and hence m the elimination of sodium, urea and 
chloride McCance excluded the possibility that the mcreased exercise 
from hyperventilating (hence a diversion of the blood floNving through 
the kidneys) was the cause of this decrease He concluded that the 
bdney must, therefore, be seriously hampered when an alkalosis 
combined with a salt deficiency exists Since such a state frequently 
occurs when pyloric obstruction is present, the high blood urea in such 
a condition is due largely to these changes The experiniental findings 
of Adolph®^ show that a low oxygen or high carbon dioxide tension 
likewise greatly retards the rate of urine formation 
The work of McQuarrie and \Vhtpp!e,“'’ Haden and Orr®® and 
Gomori and Podhradsky®^ demonstrate that the rismg blood urea is 
primarily due to a reduced unne flow but is also somewhat dependent 
on an excessive nitrogen breakdown It has been pomted out®* that 
the kidneys do not return to normal immediately upon the correction 
of dehydration and the excessive nitrogen catabolism The subject was 
well discussed by Marriott®® in an earlier review 
Renal Insufficiency during Water Deprivation.— It is well known 
that renal insufficiency takes place^ during periods of water depnva 
bon and it is believed that there are^numerous reasons why this occurs 
It often IS not evident early but eventually a prerenal azotemia will 
occur if the dehydrated state progresses The renal msufficiency is due 
to hypotension a decrease in the available water and on mcrease m 
the osmotic pressure and in the viscosity of the blood Lauson Brad- 
ley and Coumand®® have sho^vn that the renal blood flow and pres- 
sure may decrease in traumatized and shocked subjects prior to the 
occurrence of a generalized drop in blood pressure, hence, a reduction 
m the rate of glomerular filtration in traumatized or dehydrated mdi 
viduals IS usually a premonitory sign of a generalized peripheral vas- 
cular collapse It IS also possible that during salt deficiencies or dehy- 
dration the kidney cells may undergo certain changes so that the 
organ does not function efficiently 

It has been recently reemphasized®* that an individual recovermg 
from dehydration or shock may show a nsmg blood urea in the pres- 
ence of a fairly adequate fluid intake and apparently normal urine 
volume In such states the administration of large amounts of water 
(4000 to 6000 cc in adults) should be carried out so that the patient’s 
normal urine volume can be doubled or trebled Such a procedure 
should be quite safe if the proper type of fluid is administered and the 
kidneys are able to excrete water The kidneys lose their power to 
concentrate unne properly after a period of dehydration as a result of 
a reduction m glomerular filtration and failure of the tubules to reab- 
sorb the usual quantity of water 

Following the relief of obstructions in the urinary tract the kidneys 
may also be imable to concentrate normally, so such patients frequently 
need to excrete 1500 to 2500 cc of unne per day in order to mamtam a 
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normil blood urea or nonprotein nitrogen concentration In patients 
with bleeding of the gastrointestinal tract the high blood urei concen 
trations are almost entirely due to a reduction m the renal blood flow 
and an increased nitrogen catabolism The blood is often vomited or 
passed in the stool before it can be digested and absorbed hence the 
protein from it contiibutes little to the rising blood urea level 

Summary of Clinical Effects of Dehydration —It seems important 
to emphasize that dehydration may ethibit itself in several different 
waj s The symptoms which occur are dependent on not only the rapid 
ity with which dehydration takes place but also upon the relative loss 
of water and salt When the change is rapid an increase in the viscos 
ity of the blood takes place This apparently results from a concentra 
tion of both the protein and cellular elements In more chronic states 
of dehydration the viscosity is not greatly altered and the circulatory 
system has a better opportunity to compensate for the diminution in 
the blood volume Clinically this latter fact is probably significant 
since cases of malnutrition and chronic recurrent hemorrhages show 
deficiencies which would often lead to shock or death if produced over 
a period of hours rather than days or weeks Since the redoebon in 
blood volume is not accompanied by significant changes m the blood 
viscosity the cardiac filling and output are not greatly affected and 
the individual compensates better under the cucumstances than >vould 
be possible in an acute decrease m the blood volume 
Experimental studies®^ ” have shoavn that the total amount of body 
water may be little affected and yet serious states produced by an ab 
normal dis^^bution of water Studies by Davis’* and Winkler and his 
associates’'’ show that a hypertomcity of the extracellular fluid by 
attracting water and thus depleting other areas of the body may cause 
many untoward symptoms and even death 

Coller and his co workers’® have shown that when large amounts of 
isotonic saline are administered the excretion of water is greater than 
that of salt The extracellular electrolyte concentration is temporarily 
increased and under such circumstances it is believed that equilibrium 
IS restored by withdrawing water from the intracellular phase 

Since studies by Sunderman’^ indicate that in diabetic acidosis the 
greatest deficiency of fluid is m the intracellular compartment, it would 
appear that the administration of isotonic salt solutions would correct 
the extracellular fluid deflcit but might lead to a further serious de 
pletion of intracellular water It also seems from the work of Atchley 
and his associates’® that since a large amount of intracellular fluid is 
lost in diabebc acidosis (and they demonstrated a marked excrebon 
of mtracellular constituents [K PO^ SO4 andN]) such pabents also 
show a potassium depletion 

These circumstances may explain why the pahent xvith severe 
diabetic acidosis somebmes temporarily responds only to succumb 
twelve to twenty four hours later Further studies should chnfy these 
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problems but it does seem evident that such patients may have suffi- 
cient fluid therapy, but since on occasion it is the wrong type, the 
resulting changes lead to death 

Water InioMcation.— McCance’s experiments^^ on salt deficiency 
indicate that such individuals are more susceptible to water intoxica- 
tion since they are depleted of electrolytes and cannot eliminate water 
m the normal fashion Since few institubons have a wide variety of 
solutions available for exact and proper treatment, one is largely de- 
pendent on the patient’s kidneys to eliminate the undesirable salts or 
water \Vhile such seriously ill pabents constitute only a small minor- 
ity of patients needmg medical care, a further reduction m the mor- 
tality rate of this select group wall be accomplished only by improving 
kidney function or by the more judicious use of the various fluids 
An ohguna may result m some instances .after the excessive adminis- 
tration of saline** and the return of kidney function is accom- 
plished, not by a hit or miss administration of fluids, but by the 
proper selection of a fluid which will correct the difficulty and cause 
a resumption of kidney function 

Oliguria following water administration occurs when the individual 
has severe kidney disease or is in, or nearing, a state of water intoxi- 
cation, or may result from abnormal endocrine activity 
Since water intoxication may be encountered clinically and since it 
has been thought that such a slate may contribute to epileplxfonn 
attacks,^* toxemias of bums,’^ and abnormal states of pregnancy,®* 
It seems worth while reviewing the symptoms which are present In 
1923 Rowntie^- emphasized that headache, dizziness, restlessness, 
vomiting, cramps, asthenia, incoordination, urinary frequency, diar- 
rhea, tremors, ataxia, convulsions, frothing stupor and coma occurred 
It IS rare that all these symptoms are present Thus since a serious 
state may occur under a variety of circumstances, it becomes neces- 
sary to Imow, if the body electrolytes are depleted, the amount and 
type of fluid consumed and the response of the kidneys to the adminis- 
tered fluids 

Renal Function as a Consideration in Treatment.—Normally, 
wide fluctuations in body water and in the acid base balance are pre- 
vented because of the ability of the kidney to eliminate excessive 
amounts of water or electrol 3 des and in time of need to excrete a 
unne xvith a high specific gravity, which has few of the desired 
solutes Thus, it becomes necessary when treating patients to know if 
the circulatory system and the kidneys are functioning properly. In 
certain instances the kidney may be losing large amounts of albumm 
(nephrosis) and in other instances excessive sodium excretion may 
occur More recently it has been reemphasized® ^ 
kidney may at times lose its abibty to excrete certain inorganic elec- 
trolytes (sodium and chloride), although anuria is not present Thus, 
when apparently normal amounts of sodium are given the body tends 
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to accumulate it because of the kidneys’ inability to excrete it. Earlier 
It was shown that m certain instances there is an ability on the part 
of the kidneys to excrete salt and water when pneumonia®^ and otlier 
diseased or abnormal states®- exist 

Tests of Certain Blood Constituents as Indices of a Patient^s 
State of 11} dration.— States of overhydration or dehydration cannot 
be quantitatively estimated by alterations in the solute concentrations 
This fact cannot be emphasized too strongly since during the past 
eight years there have been numerous articles advocating die 

use of tests of certain blood constituents (hematocrit, plasma, protein 
concentration, chloride level, specific gravity of whole blood and 



plasma, and others) as an index to a patient's state of hydrabon, or 
as a guide in the treatment of shock 
Many of the reasons why the various blood levels cannot be em- 
ployed will be discussed later Table 2 shows how the plasma protein 
concentration may be deceptive It can be seen that even though the 
plasma protein concentrations are equal, the plasma volumes and the 
total amount of circulating plasma proteins are different Thus the 
protein concentration gives no indication of the total amount of cir- 
culating protein The failure of changes m the various blood con- 
stituents to determine the stale of dehydration can be more clearly 
seen in Figure 528 This figure shows that a wide variety of red 
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cell and protein concentrations may occur where the total red cell 
volumes and plasma volumes are increased or decreased Dieckmann 
and Wegner^®* present studies which demonstrate that during a 
normal pregnancy the anemia is due in many instances to hydremia 
They point out that often the cellular elements are increase^ but in 
spite of this there is a reduction of the hemoglobin, erythrocyte count 
and hematocrit reading as a result of dilution 
In the experimental animals with a pancreatic fistula or in patients 
with a high intestinal, biliary or pancreatic fistula the plasma volume 
shows a progressive drop, the chlorides are usually normal or high, 
and the hematocrit and plasma protein concentration may be normal 
or increased Since under the circumstances the chloride level does 
not mirror tlie diminution in tlie plasma volume, it cannot be used as 
a guide to the state of hydration On the other hand, ammals widi 
cardiac compression (constrictive pericarditis) sometimes show 
chloride levels which are high when the animals are edematous,”® 
and low plasma or serum clJoride concentrations are seen in over- 
h}drated, burned or cardiac patients or in cases with malnutnbon 
edema Low values occur m dehydrated patients with pyloric obstruc- 
tion and other intestinal disorders 
Mclver and Gamble stated in 1928 that "Hepatic duct bile and 
fluid derived from the intestinal mucosa contain approximately the 
same amount of fixed base and chloride ion as does plasma Loss of 
this fluid will cause a reduction of the volume of the blood plasma and 
of interstitial fluid but should not alter the plasma chloride (or bicar- 
bonate) concentrations " Thus, they concluded tliat ‘A point of great 
practical importance to be denved from this is that it is entirely in 
correct to regard the plasma chloride concentration as an index of the 
degree of dehydration and of the extent to which replacement by salt 
solution IS required Because of the fairly wide deviation of the nor- 
mal hematocrit reading”^ and the withdrawal or destruction of cells 
and plasma proteins in shock*®^“® and dehydration tlie hematocrit, 
specify gravity of whole blood and plasma, red cell count and hemo- 
globin concentration may also be misleading 
Malnutrition, the state of kidney function, the treatment given, and 
tile tj’pe of fluid lost play important roles m determining the plasma 
and whole blood concentrations It should be remembered, therefore, 
that the solute concentration can be normal, high or low when the 
total amount, of body water is increased, normal or decreased Thus, 
the body solute concentrations (red cells, protein, chloride, and so 
on) may not mirror the amount of such solutes present, or indicate 
the amount and type of fluid needed In certain instances, especially 
during acute alterations, some solutes may show directional changes, 
but rarely can they be employed to show quantitative alterations In 
many instances a physician regarding an obviously dehydrated patient 
remarks that the patient’s blood chemistry has remained normal As 
the previous discussion points out, this may not be the case and the 
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misconception occurs because only concentrations are considered 
without studymg or estimating changes m fluid volume Alterations 
m the volume of fluid cm be fairly accurately estimated from the 
history, the clinical course and the physical examination Thus clinical 
rules are not a substitute for a physiological understanding of the 
problem and sound clinical judgment 

TIIE TRANSFER OF FLUIDS ACROSS CAPILLARY ME^IBRANES 

The transfer of fluid across the capillary membrane is an important 
factor and is necessary to carry foodstuffs to the cells and waste prod- 
ucts away Tlie importance of the protein fraction in this exchange was 
first recognized by Starling^® in 1895 Tlie present concept^ 7 s is iii 112 
recognizes two principal forces (1) capillary blood pressure (filtration 
pressure), and (2) the colloid osmotic pressure of the blood There 
are also two secondary forces (1) tissue tension and (2) colloid 
osmotic pressure of the interstitial fluid Thus, the fluid in the circu- 
latmg blood tends to pass back into the capillaries because of the tissue 
tension and the intracapillary colloid osmotic pressure We are most 
familiar with the effects of a lowered plasma protein (particularly the 
albumin, because it exerts approximately seven times as much osmotic 
pressure as globulin) When the total protein falls to 5 5 (plus or minus 
0 3 gm ) the colloid osmotic pressure is low and interstitial fluid usu- 
ally tends to accumulate, provided water and salt are present 

The accumulation of edema can result from any one of the follow- 
ing causes, or as usually happens, a combination of several 

1 Low plasma protein ( especially the albumin fraction ) 

2 Increased venous pressure (increased hydrostatic or filtration 

pressure) due to high blood pressure, stasis or a venous block 
Ca^ac failure, compression of the heart or partial or complete 
venous occlusion due to external pressure or internal ab- 
normalibes (such as thrombosis or tumor invasion) should be 
considered 

3 Failure of the kidneys to excrete normal amounts of water and 

inorganic electrolytes 

4 The overadmmistration of salt and water or an endoerme dys 

function causing a retention of sodium or water 

5 Increased capillary permeability (anoxia, histamine) 

6 Increased osmotic pressure of the interstitial fluid (This is often 

accompanied by an increased capillary permeability which may 
result from stasis or anoxia and permits the colloids to leak 
out ) 

7 Obstruction of lymphatics 

FACTORS GOVERNING THE EXCHANGE OF FLUIDS IN 
DISEASED CONDITIONS 

While four factors largely govern the exchanges of fluids m the 
normal individual, diseased conditions introduce additional problems 
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Vascular obstruction or stasis, change m the viscosity of the blood and 
alteration m the capillary permeability often overshadow the normal 
factors regulating the transfer of fluid, protein and salts 

Warren and Stead^^ have presented an excellent review of the 
causes of cardiac edema They have stressed the importance of sodium 
retention in such cases and the more recent studies of MerrilP^ give 
confirmation to their views Lyons, Avery and Jacobson^* have 
shown that significant changes m the plasma volume of normal in- 
dividuals may result by the overadministration of sodium-contaimng 
fluids The results of these three studies show the importance of salt and 
water m the production of edema and also demonstrate^^ that a 
marked rise in the total circulatmg plasma proteins can occur when 
a fairly normal state of nutrition exists Experimental studies”® have 
demonstrated that protein is mobilized apparently from, or by way 
of, the lymphatics If a healthy dog was bled one-fourth of its calcu- 
lated blood volume, the protein level would return to normal m 
eighteen to twenty four hours However, if the thoracic duct was 
ligated and a similar bleeding performed it might take as long as 
nme to fourteen days before the control protein concentration was 
restored Studies by Pride and his associates”® demonstrated that 
hypoprotememic animals do mobolize protein but at a somewhat slower 
rate than normal animals 

From the above data, one wonders if the plasma proteins are as es 
sential m maintaining the plasma volume in the diseased state as we 
previously believed In ammil expenments’® it has been shown that 
the osmotic pressure of the increased plasma protein concentration 
did not cause a plasma volume restoration during a period of five 
to six days, in the face of extracellular dehydration However, the 
plasma volume returned to normal when salt was administered Landis 
and associates'” recently w ell reviewed the problem and point out that 
It is important to remember that numerous factors govern the size of 
the various body fluid compartments and that all factors are important, 
no one having preference 

Smee it IS of smaller molecular weight, albumin is lost from the 
vascular system m abnormal states in larger amounts than globulin 
Thus, in cases in which anoxia, high venous pressure or venous stasis 
occur, albumin is present in relatively large amounts m edema or 
ascitic fluid®® ®' (Examples of this occur in nephritis, cardiac 

failure, cardiac compression, arrhosis and in edematous areas result- 
ing from trauma ) 

In evaluating a patient's state of hydration, it is therefore neces 
sary to obtain a careful history (duration of illness, food and fluid in 
take, appetite, weight loss, thirst, amount and frequency of vomitmg, 
diarrhea, blood loss), and also to make a careful physical examination 
(paying special attention to the loss of turgor, sunken eyes, presence 
of edema) The clinical course should then be carefully followed 
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(water intake and output recorded, type and make up of fluid ad- 
ministered or lost, electrolytes present, specific gravity of urine, re- 
sponse to therapy noted) 

Chemical analysis (plasma carbon dioxide, chloride and protein 
concentration, hematocrit, red blood cell count and hemoglobin) can 
be extremely helpful if they are employed properly and interpreted 
in the light of the clinical findings but they alone will not give a com- 
plete picture 

CLIMCAL APPUCATION OF FLUID BALANCE PROBLEMS 
Before discussmg specific disorders, a few fundamental principles 
should be stressed First, it should be pointed out that previously it 
was thought that the interstitial fluid acted as a reservoir to mam- 
tain the plasma volume near normal * Gamble and Mclver^"® 

thus postulated that the plasma volume was kept wthin normal limits 
at the expense of interstitial water They felt that only terminally, when 
fairly large amounts of interstitial fluid were lost, was a decrease m 
the circulating blood volume noted Mellors, Muntwyler, Mautz and 
Abbott^^ showed that this was not necessarily the case They pointed 
out that the interstitial fluid was not an elastic compartment but when 
dehydration occurred a diminution in the total extracellular phase 
(plasma volume and interstitial volume) took place This does not 
mean that the interstitial fluid does not supply water and salts to the 
plasma volume as Gamble’ suggested, but does show that the 
plasma volume is not sustained at a normal level until late in the 
process of disease 

Secondly, it has been shown’® that if the plasma protein concentra- 
tion rises rapidly (as it often will m acute dehydration), or if con 
centrated albumin is injected,’-- the osmotic pressure although greatly 
increased does not draw fluid back into the blood stream unless the 
proper electrolytes and water are present For example. Table 3 shows 
studies’'’^ in normal dogs in which 100 to 120 cc per kilogram of a 5 
per cent dextrose solution was injected mtraperitoneally 

It can be seen that when such a solution is injected mtraperitoneally 
(or subcutaneously), even though it is isotonic with plasma, marked 
alterations in the plasma volume and electrolyte concentration result 
This occurs because glucose does not diffuse across the peritoneal 
membrane (into the extracellular fluid) as rapidly as the solutes 
(sodium bicarbonate, urea, chlonde, etc ) present m the extracellular 
fluid, diffuse into the abdominal cavity Hence while small amounts 
of glucose are passmg into the body, these solutes diffuse mto the 
pentoneal fluid This results m a temporary drop in the concentration 
of the solutes of the extracellular fluid, causing it to become hypotomc 
as compared to the intracellular fluid Since the solutes present withm 
phosphates, etc ) do not, as a rule, pass out 
through the cell membrane, osmotic equilibrium is largely restored by 
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water shifting into the cell When this occurs there is nn intracellular 
overh> dration with a resulting extracellular fluid dehydration 
If 2000 cc of 5 per cent dextrose solution were injected intrapen- 
toneally in a 20 kilogram dog and four hours later 2000 cc of fluid 
removed from the abdominal cavity, the alterations seen in Table 3 
would be present without any change in the total body water (merely 
a shift of water from the extracellular to the intracellular compart- 
ment) The opposite phenomenon (a depletion of intracellular water 
with extracellular overhydration) may occur when fairly large 
amounts of salt are given intravenously either in hypertonic or isotonic 
solutions, also with death resulting Tims, clinically 5 per cent dex- 
trose m distilled water should not be given subcutaneously or m- 
traperitoneally unless it is definitely indicated or unless one appreci- 
ates the changes that lesult Tins solution has undoubtedly been em- 
ployed many times in such a fashion without serious consequences 
This IS because relatively small amounts of fluid were injected, thus 
producmg changes that were not severe The real danger occurs in 
patients who have an extracellular dehydration or an intracellular 
fluid compartment which is overhydrated 
Thirdly, it should be emphasized that in certain diseased states, 
changes in the blood chemistry occur which are not necessarily pro- 
duced by the disorder but rather result from the treatment or because 
of the mabihty of the patient’s kidneys to excrete properly 
Burns.— If burned animals'^^ *** or patients®’ are given water 
in fairly large amounts, a dilution of the blood concentrations occurs 
because the consumed fluid does not contain inorganic electrolytes or 
protem Thus a definite fall in the plasma protein and chloride levels 
would be noted Similarly, if plasma or a salt solution contaming the 
inorganic ions present in plasma is employed, little change in the 
sodium, chloride or bicarbonate concentrations occur When treat- 
ment is carried out with a physiologic salt solution, water or plasma, 
the protem concentration usually shows some decrease by the third to 
fifth day®’ ®® Since this may occur, although to a lesser extent, fol- 
lowing the administration of large amounts of protem it is thought to 
be due in a great part to dilution This view is supported by 
studies’* which show a fall m the plasma protem concentration 

while there is actually an increase in the total circulating plasma pro- 
teins Some of the rapid falls m protem concentration reported**^® 
followmg major surgery are likewise thought to be due in part to dilu 
hon ® 

Agam it should be emphasized that kidney function plays an ex- 
tremely important role in fluid balance In dehydration there may be 
uisufBcient body water available to carry out the nitrogenous waste 
products, hence the blood urea nitrogen rises (extrarenal or prerenal 
azotemia), but if adequate water and normal kidney function are pres- 
ent an elevation of the blood urea nitrogen is not seen 
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Selje^”® and Harkins^*® reported that the blood urea nitrogen or non 
protein nitrogen level of the blood usually is elevated in patients 
with thermal burns Actually in our cTpenence®^ this rarely occurred 
because in most of the burned patients studied an apparently normal 
kidney function and an adequate amount of water for the elimination 
of waste products were present This emphasizes the fact that often 
the chemical changes which are described for a certain disease may 
result from the treatment given or from lack of therapy In a few 
very seriously burned individuals who appeared to be normally hy 
drated or overhydrated it has been observed*® that a liter of water 
taken orally does not produce a change in the per minute rate of 
urine excretion is it would in a normal person In this respect the 
findings resemble those referred to previously in this paper in the 
expenments of McCance*® and m patients with Addisons disease®® 
The studies of Gaunt®®° mdicate that this may occur because of deficient 
adrenal cortical function since adrenalectomized rats show “a prompt 
diminution in the dmrebc response to water and a susceptibility to 
water mtoxication Simila ’ » “ nd hyper 

thyroid animals** show a to water 

but this IS also thought to »t adrenal 

cortical deficiency 

A nse of the plasma chloride level above normal usually denotes 
renal impairment or prerenal azotemia Such a rise may occur when a 
patient has an external pancreatic fistula because of a greater loss of 
sodium than chloride and occurs only if there is a lack of available 
water It has also been emphasized that fluctuations in electrolyte con 
centrahons in diseased states often fail to denote the excessive adminis 
tration or the need for various inorganic salts 

Debilitating Disease -^In patients with carcinoma of the stomach 
there has usually been a fairly long period (two to eight months) of 
weight loss and vomiting prior to the time they are seen Thus m 
almost e\ ery instance they are dehydrated and malnounshed *** Be 
cause of the inadequate food mtake anemia and hypoproteinemia are 
almost always present This latter fact may not be evident by the red 
count hemoglobin hematocrit and plasma protein concentration since 
dehydration has masked the drop in the concentration of these con 
stituents *®® In such cases the history would be a better means of 
determining the extent of malnutrition 

Patients xvith other debilitatmg diseases (stenosis of the pylorus due 
to ulcer carcinoma of the esophagus etc ) will show similar altera 
tions It IS not necessary to make volume studies in all such cases 
because it can be assumed that patients with such diseases exhibiting 
marked weight loss show this phenomenon The history duration and 
magnitude of symptoms and exammahon of the patient help to give 
one a good idea of the seventy of the change present In fact 
the expected normal plasma volume cannot be accurately estimated 
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the determined \alue unless it was markedly abnormal would be of 
httle significance as a guide to therapy Thus, on prescribing treat- 
ment it is first advisable to estimate the approximate extent of the 
nutritional deficiency present Sucli deficiencies can be corrected by an 
adequate dietary intake (oral when possible and parenteral if neces- 
sary) and more rapidly by an adequate diet plus blood transfusions 
In the event that the state of nutrition is not improved prior to opera- 
bon such a patient is susceptible to complications which might pre- 
vent his recovery The dangers of giving such patients too much 
salt has been repeatedly emphasized,® 

and thus it is important for the physician always to specify carefully 
the amount of sodium containing solutions to be used Unfortunately, 
this IS not always done and the patient may receive 9 to 27 gm of 
sodium chloride daily 

Hemorrhage.— More acute deficiencies are encountered avith hemor- 
rhage For example, patients avith bleeding peptic ulcers rapidly de- 
plete their body stores of not only red cells but protein as well 
These patients also do poorly after operation if this condition i5 not 
corrected Saline solution is not well tolerated and often leads to 
peripheral edema as well as pulmonary edema with subsequent pneu- 
monia A 5 to 10 per cent dextrose solution m distilled water given by 
a slow intravenous drip is advocated after adequate blood has been 
administered The low plasma protein concentrabon and the inabihty 
of the kidney to excrete sodium following shock, prolonged anesthesia 
and operative intervenbon make the administration of a soluhon of 
normal saline to such patients dangerous 

Patients with bleeding pepbc ulcers that wll not respond to medi- 
cal therapy and require operation to stop the hemorrhage should be 
given large amounts of whole blood (2500 to 4500 cc ) and minimal 
amounts of sodium chloride until the hypoprotememia and anemia 
are corrected ^Vhen such therapy is carefully employed the mortality 
rate for gastrectomy should approximate that found in nonbleedmg 
cases 

Excessive Sweating.— In warm weather^®” or when a pabent has a 
high fever^®^ it is well to remember that dehydration may result from 
excessive perspiration Considerable \valer may be lost and the sodium 
content of the body may likewise be depleted While some sodium is 
lost m sweat, the greatest loss under such circumstances is generally 
through the kidneys Since the electrolyte concentrations m perspira- 
bon are relatively low, a greater loss of xvater occurs If this is not 
corrected, osmotic equilibrium is restored by the elimination of m- 
organic electrolytes in the unne Thus, when sweating is excessive, 
water or a hypotonic salt solubon should be given The administration 
of concentrated salt solution should be employed only if water intoxi- 
cation has occurred In fact, it is not uncommon to see individuals 
who m trying to prevent an excessive salt loss by taking salt tablets 



1352 


^VUXIAM E ABBOTT 


de\ elop nausea diarrhea and intestinal cramps Such condition results 
from a lack of sufficient water 

The importance of the above discussion may be questioned but it 
points out that when excessive perspiration occurs the untreated pa 
tient develops a deficiency of water and salt with a greater loss of 
water If the deficiency is mild the taking of salt alone produces a 
further water loss Tins results in diarrhea or \omitmg if the salt is 
not absorbed from the gastrointestinal tract and a further water loss 
tlirough the kidneys if it is absorbed If the deficiency is marked the 
administration of large amounts of water once it has de\eloped 
causes water intoxication It seems advisable to stress these points 
since patients who are hyperventilating or have fever and other dis 
eases complicating the state of fluid balance can be better handled if 
these facts arc kept in mind 

Hypertension —The studies of Grollman and Harrison’®* and then 
associates’®® discuss the effect of extremely low salt diets on hyper 
tensive animals and patients It would seem probable that the reduc- 
tion in blood pressure was accompanied by a fall in the blood xolume 
(dehydration) Such treatment in the h>’pertensive patient wathout 
edema would seem to be of little permanent value and would leave 
the individual with only a small margin of safety m the event that 
vomiting diarrhea or excessne sxvealing occurred 

Intestinal Obstruction —In patients with low simple intestinal ob 
struction shock and death in most instances have been thought to be 
due to the absorption of some toxic product WTiile recent 
studies’*® show that bactena or bacterial toxins may also cause 
death it should be remembered that dehydration alone can account 
for the aforementioned alterations Obstruction due to a closed loop 
or intestinal strangulation usually results in an ischemia necrosis and 
ulceration with systemic penetration of bacteria or their toxins The 
studies of Dragstedt and his associates’*® ’** first proposed this view 
and showed that both distention which resulted in an impairment to 
the circulation and bacteria were important The expenmental studies 
of Harper and Blam’*-’ and Blain and kennedy’*® substantiate this 
view and also show the value of penicillin in reducing the mortality 
rate in experimental closed loop obstructions or m prolonging the sur 
\ual time of animals with strangulated obstruction 

Death due to dehydration was formerly thought to occur in hi^ 
intestmal (pyloric) obstruction but not in the majority of cases xviui 
low obstructions’*’ \oIume studies’*’ ’** «how that marked de 
hydration may result from anv level of obstruction and here again the 
changes m the hematocrit chloride and protein concentration may not 
be indicative of the extent of the red cell protein water and salt 
deficiency 

Gendel and Fine’*’ and other workers’®®*’®® have shown that dis 
tended bowel per sc definitely produces undesirable systemic changes 
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as well as a rapid reduction in the plasma volume It not only causes 
an accelerated loss of extracellular fluid but as Gatch and Culbertson^® 
have shown may lead to ischemia of the part when the intraluminal 
intestinal pressure exceeds that of the capillaries Harper and Lem 
mer’®*^ have substantiated the earlier vaew**^ that distention in 

itself does not necessarily lead to death but xvall when the bacteria 
which normally inhabit the intestinal tract invade tlie intestinal wall 
(They believe this occurs following necrosis and ulceration of the in- 
testinal mucosa and the bacteria or their toxic products cause an unde 
suable systemic effect ) It seems probable that varying degrees of *1 
potassium deficiency may also occur m patients with intestinal obstmc 
tion Thus death may result from vanous factors all of which should be 
corrected if the treatment is to be successful 
Pelers^®^ has stressed the importance of omitting everything by 
mouth when employing gastric suction or high intestinal intubahon 
Man> of these patients want to drink, but if permitted to, they merely 
wash out electrolytes and thus make the control of such cases much 
more complex Peters'” and Foster*-** point out that gastric drain 
age decreases to almost nothing if the oral intake is stopped On the 
other hand, Penberthy, Irvin and Tenery*** have stressed the impor- 
tance of early feeding when the double lumen long intestinal tube is 
employed This unquestionably should be done when possible but 
probably not until the tube has moved dowm into the low jejunum or 
ileum Thus in most instances since this cannot be accomplished short 
of several days, it is of little value m obstruction of the small bowel 
but IS largely advantageous in pabents with obstruction of the colon 
and in some patients with paralytic ileus 
Death may occur in patients with intestinal obstruction solely from 
a reduction of body water and salts but other factors are of at least 
equal importance in closed loop or strangulated obstrucUon Although 
dehydration in this latter type of case may not be the main cause for 
concern it should never be neglected It seems important here to stress 
the fact that a fairly large number of cases of intestinal obstruction 
due to adhesions often start as simple obsfruebon only later to develop 
into strangulated obstruebon This is due to a segment of bowel kink- 
ing or herniating under an adhesive band In the latter tj-pe or when dis 
tention in the presence of simple obstruction progresses, often some im- 
pairment to the blood supply eventually occurs 
Intestinal Fistula —High intestinal fistulas create one of the most 
troublesome complications for a surgeon to treat Such disorders are 
now relatively uncommon because of the improved preoperabve and 
postoperative care Hartzell*'^'’ has advocated a rubber cup to plug 
the orifice and prevent the loss of intestinal juices Such a method 
should be of great benefit to the pabent provided that an obstmc 
tion distal to the fistula or infecbon is not present Parenteral feed 
*ngs, transfusions and adequate water and electrolyte restorabon are 
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essential Marked dehydration may occur if external drainage is pres 
ent, and here again the solute concentrations may be quite misleading 
The hematocrit, protein, chloride and carbon dioxide concentrations 
may give no mdication of impending disaster The sodium concentra 
tion may be normal or low and again may not indicate the true state 
of hydration Volume determinations might show the deficit but as a 
rule should be unnecessary since the proper treatment can be earned 
out by following carefully the clinical course of the patient and by 
the judicious use of parenteral electrolyte solubons and blood Paren- 
teral feedings should be employed when the fistula is high and an 
attempt made to pass a Jong tube past the point of the fistula If this 
can be accomplished, feedings distal to the site of external drainage 
can be administered During the bme that high mtestmal suction is 
being employed nothing should be given orally If external dramage 
continues and the tube cannot be made to pass beyond the point of 
the fistula m the duodenum or upper jejunum, a jejunostomy should 
be done for feeding purposes 

Trauma and Shook.— Since injured pahents may exhibit changes in 
kidney function (crush syndrome) and since the more frequent use of 
whole blood m larger amounts may result m a higher incidence of the 
deposition of blood pigments in the renal tubules, the preventive ano 
therapeutic measures for this abnonnahty will be briefly discussed 
Recent studies indicate'®"’ that the deposition of blood pigments in 
the kidneys occurs when an oliguria and aciduna exist Thus the cor* 
rection or prevention of shock and the administration of fluids which 
will promote a good urinary flow are of prime importance The ad 
imnistrabon of hypotomc electrolyte solubons is usually indicated, the 
amount and type of salts administered being dependent upon the pa 
bents condition and acid base balance The administration of sodium 
bicarbonate, lactate or citrate may be helpful in conjunebon %vitb 
other forms of treatment but the dangers and ineffectiveness of al^ 
kalinization alone have been pointed out by Corcoran and Page ' 
Once uremia occurs the correebon of the condition is often difficult, 
hence therapy should be directed primarily at its prevention 

Recently several articles'^’ have appear^ which have re* 

■viewed the previous literature on the subject and indicate that pento 
neal lavage or imgntion may provide a means for correebng acute 
renal failure The ultimate success of such treatment is dependent not 
onl> on the selection of the proper fluid and understanding of the fluid 
balance and acid base problems, but upon the fact that irreversible 
changes m the kidney ha\ e not occurred 

The importance of fluid and electrolyte changes in many states 
of shock and the use of sodium contaimng solutions m the beat 
ment of such conditions has recently received considerable atten- 
bon 

It is true that such therapy is of httle value, as Fme, Frank and 
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Sehgnnn^^^ have pointed out, when a state of irreversible shock is 
present However, most civilian pahents are seen before such a state 
exists The proper selection of parenteral fluids, if given in adequate 
amounts, is therefore usually adequate to correct the difficulties When 
malnutrition exists or an internal or external hemorrhage has occurred, 
whole blood m adequate amounts should, of course, accompany the 
judicious use of a physiologic electrolyte solution 

Because a large amount of expermiental and clinical evidence has 
accumulated and since other studies-^ -- indicate that plasma proteins 
are rapidly lost in peripheral vascular collapse, it seems evident that 
in many instances when such states exist a physiologic salt solution is 
as good as plasma 

As Darrow^’® has pointed out, hemoconcentration is rarely a contra- 
indication to the use of whole blood High red counts, hemoglobin 
concentrations and cell volumes are frequently found when some de- 
crease m the total red cell mass has occurred Therefore, the effect of 
giving blood which, because of the citrate present usually has a cell 
volume of less than 40 per cent, is not that of increasing hemoconcen- 
tration but of decreasing it In instances in which plasma is being lost 
rapidly (bums), the prevention of further hemoconcentration can be 
accomplished by the administration of the proper salt solution m con- 
junction with blood 

Recent studies*® seem to indicate that blood viscosity would be af- 
fected as much by changes in the protein concentration os m the cell 
volume In fact, it would seem from this work that the viscosity would 
be mcreased to a greater extent when the fibrinogen and globuhn con- 
centrations rose than when the albumin level or red cell count in- 
creased Other studies®’ show that the prevention of hypo- 

tension is accomplished by increasing the tissue tension m states of 
peripheral vascular collapse or impending shock The administration 
of plasma protein only temporarily increases the plasma volume since 
the protein leaves the vascular system relatively rapidly In dehydra- 
tion the admimstrahon of a}bvjmn solutions are of JittJe value unless 
sufficient salt and water are present *22 m jj^ bums since treatment 
'Vith a hypotonic electrolyte solution has been employed, the severely 
burned patients (40 to 60 per cent of the body burned) have shown 
a maintenance of a normal blood pressure and pulse The urine vol- 
umes during the first twenty-four to forty-eight hours have been two 
to five times greater than those seen in the previously plasma treated 
group The importance of providing shocked patients with adequate 
amounts of red blood cells has been stressed and it has been pomted 
out that plasma may increase the arculating blood volume but may 
uot correct the state of anoxia 

It IS hoped that the previous discussion will not leave the impres- 
sion that blood chemical studies are useless but rather that their in- 
terpretation should be based on a sound physiological knowledge. 
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Commeni.— Since improvement in kidney function is important m 
the final outcome of many senous suigical disorders, it is felt that the 
response of the kidneys to treatment (the periodic recording of the 
rate of urine flow and specific grawty) should be observed more fre- 
quently In other words the attempt to stereotype therapy or outline it 
for twelve to fort} -eight hours in advance should be abandoned in the 
senousl} ill surgical patient The importance of frequent study of the 
patient rather than reliance solely upon the various blood concentra- 
tions cannot be overempliasized Obviously, tlie careful interpretation 
and evaluation of all the findings (history, physical examination, clin- 
ical course, laboratory reports) give the best results and one without 
the others leads to confusion 

Evidence also seems to be accumulating to show that the hematocnt, 
hemoglobin, red blood count and the whole blood specific gravity are 
not good indices of the state and extent of an existing deficiency or of 
the amount and t>’pe of therapy to be employed® ® ** 

Although some recent reports continue to advocate such methods 
for controlling postoperative patients and those m shock, there are 
few studies which provide evidence m support of these clinical rules 
which were for the most part based on theoretical work 
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SOIME ASPECTS OF NUTRITION IN I^IAN 
Haiuiy M Vabs, Pii D * 

The importance that can be attached to the success of research on 
the relation of nutrition to disease should not prevent the develop- 
ment of other pathologic hypotheses and theories of its genesis and 
cure With each discovery of a new essential dietary component the 
search begins for an explanation of its function and at a later date the 
determination of its usefulness m human nutrition It must be admitted 
that progress m the latter field of mveshgation has been rapid in the 
last years 

In the process of obtaining information upon essential nutrients a 
procedure that can be called one of oversimplification has been em- 
ployed The physiologic test object has usually been the gro^vlng ani- 
mal, for growth requires materials both for maintenance and tissue 
accretion The dietaries have been limited, if possible, only to purified 
food constituents By the use of such tools many chemical substances 
have been detected and identified as necessary for proper growth and 
even for maintenance of life itself 
Our knowledge of how they perform their functions is far from 
complete The metabolic functions of many of the vitamins are known 
though the mode of action of some of them is still obscure In many 
instances chemical entities that appear to have a definite role m the 
dietaries of experimental animals have yet to be classed as essential 
elements in the dietaries of humans 
It is more than certain that nutritional defects are at least a part 
of the etiologic basis of many of the common illnesses Yet this is only 
a conviction without satisfactory proof For example, tuberculosis and 
other infective diseases increase when the nutritional status of a popu- 
lation IS decreased greatly So many factors arc concerned that the 
collection of unequivocal proof will require many detailed studies by 
future investigators 

IMPORTANCE OF TOE PROTEINS 
There is widespread recognition of the value of adequate protein 
nutrition in the care of many types of medical and surgical pabents 
In a sense this is a fulfillment of the meaning of the word protem, i e , 
of first tmportar^ce 

Proteins are the mam nitrogenous constituent of all animal and 
plant cells They a re found m both protoplasm and nuclei of cells and 
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are the major constituent of muscle and glandular tissues The func 
tional integrity of each unit depends largely upon, the presence of 
specific proteins enzymes hormones and antibodies The proteins are 
composed chiefly of ammo acids which occur in varying amounts in 
different proteins Specificity m the protein is determined not alone by 
the amounts, but by the manner of combination and spatial relation 
ships of the component ammo acids 
Some twenty t«o ammo acids have been characterized as con- 
stituents of proteins Not all occur m every protein, and not all need 
to be present in tlie diet for contmued well being 
The main function of protem in the diet is to provide nitrogen and 
sulfur in the form of ammo aads for processes of life in which they 
are required This includes growth maintenance, reproduction, lacta- 
tion, repair and convalescence In recent years the interest in proteins 
has been shifting from proteins per sc to their constituent ammo aads 
and the functions that these latter fulfill within the organism With 
the development of improved analytical methods more has teen 
Jeamed of the variations m ammo acid composition of protems and 
their bearing upon the nutritional adequacy of the various proteins. 
Similarly improved methods of analysis have increased the Imowled^ 
oS the metabolic fate of individual amino acids 3t may be stated that 
at present one of the most urgent problems is to determine the ammo 
acid requirements (protein) for man m health and disease 

ESSENTIAL AMINO ACIDS 

Through the investigations of Hoplons, Osborne and Mendel and 
particularly Rose' certain ammo acids were found to be essential 
parts of the diets of growing rats Those ammo acids that were found 
to be tndtspensabie for the groufh of the rat were lysme, tryptophane, 
leueme, isoleucine, threonine, methionine, vahne, histidine and ar 
ginine These have also been called “essential* amino acids i e the 
growing animal was unable either to synthesize them or the rate of 
synthesis was too sloav to satisfy the needs for growth 
These results have been confirmed m the dog and later in the 
mouse “ and approximate qualitative requirements of the various 
» — pp maximum rite of growth were determined 

’ — "o ^eids for growth may 
required for mainte- 
nance of nitrogen equuiu.*« "hus Burroughs Bur- 

roughs and Mitchell^ concluded that nitrogen balance m the adult 
rat could be maintained by supplying the following ammo aads 
threonme isoleucine Jeueme, tryptophane, valine and methionine 
The lequuements of ammo acids for nitrogen equilibrium dunog 
short feeding periods in normal adult male humans has been studied 
by Rose and co worlcers * The twdve ammo acids found uonessenbal 
for rats and dogs are likewise not required by the human With the 
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exclusion of vabne, methionine, tlireonine, leucine, isoleucme or phe- 
nylalanine from the diet a negative nitrogen balance developed 
promptly Histidine withdrawal did not affect nitrogen equilibrium 
and, therefore, was nonessential for nitrogen equilibrium Tryptophane 
likewise has been found necessary for nitrogen equihbnum while the 
requirements for arginine and lysine are very low 

EFFECTS OF SINGLE ASHNO ACID DEFICIENCIES 

Attempts have been made to determine the specific effects induced 
by single amino acid deficiencies One of tlie dilBculhes in assessing 
the effects is the decreasing appetite often produced by the deficiency 
Paired feeding controls reduce this difficulty somewhat but may not 
be the whole answer Hams, Neuberger and Sanger® have produced 
a cessation of growth and a hypoproteinemia m young rats by means 
of lysine deficiency The body weight remained fairly constant, but 
there appeared to be a general inhibition of protein formation, with 
marked muscle wasting decreased subcutaneous fat and reduced cal- 
cificabon of the bones 

Albanese and associates® have studied the effects of deficiencies m 
man of tryptophane, lysine, arginine, methionine cystine and hisbdine 

Studies of the effects of varying the quantities of sulfur ammo acids 
in the diets of experimental animals have been most productive in 
showing their multifaceted role m the physiologic economy of the 
animal This is particularly true of methionine Jackson and Block'^ 
showed that methionine was essential for the groxvth of young rats 
Its central position derives from the fact Aat it can enter into a variety 
of metabolic processes The sulfur of methionme can be used for the 
synthesis of cystine The methyl m the S methyl group can be used m 
the synthesis of chohne and creatinine® In fact the concept of the 
biologically labile methyl group in playing a role in nitrogen sulfur, 
fat and carbohydrate metabolism has been emphasized by du Vig- 
neaud ® 

Thus in the produebon of dietary fatty hvers, choline was early 
shown by Best to play a predominant role in preventing the accumu 
lahon of fat Further work indicated that increasing the dietary pro 
terns likewise produced a lipotropic effect Tucker and Eckstein^® 
presented evidence that the net lipotropic effect of casein could be 
explained solely on the balance between the opposing influence of 
cystine and methionine More recent work suggests that the many 
divergent conclusions upon the relative effects of different proteins 
and of cystine and methionine may be associated with the fact that 
the lipotropic acbon of methionine is markedly affected by abundance 
or lack of other essential ammo acids \Vhen these are plentiful, the 
hpotropic effect of methionine will be maximal 

That other dietary constituents may have a marked effect on the 
development of nutnbonil fatty hvers is demonstrated by the reports of 
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the influence of the lack of vanous B vitamins in the production of this 
condition These observations are summarized in a review on the sig 
mficance of choline as a dietary factor When so many factors are 
known to affect nutritional fatty kvers it is not surprising that widely 
divergent results have been reported and when any one of these 
dietary essentials is tested clinically it must be kept in mind that a 
variety of results may be expected Indiscriminate testing with an 
accumulation of negative results may lead to the discrediting of an 
otherwise valuable therapeutic agent 

NUTRITIONAL FACTORS IN IlEl ATIC LESIONS 

Two hepatic lesions have been described as a result of dietary de 
ficiencies in experimental animals one a cirrhosis resembling m many 
aspects Laennecs cirrhosis m man the other a massive necrosis in 
volvmg much of the parenchymal (issue and often accompamed by 
hemorrhage Numerous investigations have been made shosving that 
liver damage and cirrhosis may result from deEcienctes of the vi 
tamm B complex or of protein In general the dietaries used have the 
capacity of causing a fatty infiltration of the hver Only two of several 
reports will be cited Himssvorth and Glynn^* tend to support the 
thesis that the tsvo types of lesions can be differentiated both on 
etiologic and anatomic considerations In contrast to the usual latent 
period on favorable diets of forty to sixty days for necrosis diffuse 
fibrosis was not obtained in less than one hundred and fifty days They 
found that the determining factor in the incidence of necrosis was the 
protein fraction of the diet and more speaally that methionine played 
the predominant role in the prevention of necrosis Gyorgy^* presented 
evidence that those factors which lead to the production of fatty livers 
cause considerable hepatic damage He also showed that expen 
mental dietary hepatic damage is frequently combined in the same 
animal with pathologic changes in the kidney ranging from bilateral 
hemorrhagic cortical necrosis to the milder diffuse cortical nephrosis 
In the diets employed the B vitamins remained constant while the 
protein fat cystine methionine and choline were varied Bylowenng 
the casein content of the diet damage to the liver was observed with 
greater regularity The lipotropic effect of casein \' as believed to be 
due to methionine Supplements of cystine increased the incidence of 
cirrhosis but many animals still developed necrosis Choline plus 
cystine or dl methionine alone proved highly effective in preventmg 
dietary injury to the hver 

This knowledge gained from animal experiments was quickly tested 
in patients with cirrhosis Diets high in protein carbohydrate B vi 
tamms and low in fat were given together with choline or methionine 
Thus Russakoff and Blumberg“ studied ten cases of cirrhosis in man 
for periods up to txvo years Definite clinical improvement occurred 
in seven of the cases when chohne was added to the above diet Other 
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reports^*^ miy be cited to indicate that choline exhibited a beneficial 
supplementary effect 

Methionine has been used extensively in a variety of conditions in 
which abnormal liver metabolism is present The original impetus for 
its use derived from tlie report of Miller and Whipple^® that methionine 
IS the most active amino acid in decreasing hepatic susceptibil- 
ity to toxic substances It has been used in experimental studies of 
chloroform, mapharsen, dichlorethane, carbon tetrachloride, arsphen- 
amine and selenium The role of methionine m the development of 
experimental hepatic necrosis and cirrhosis likewise stimulated climcal 
investigation of its therapeutic value 
Beattie and Marshall’® in a study of four hundred and fifty cases 
of infective hepatitis and “poslarsphenamine jaundice indicated a 
marked beneficial effect of methionine and casein digests, particularly 
m the gravely ill patient However, Peters and associates,-® reporting 
on one hundred and fifty similar cases reported that both cystine and 
methionine had a significant but not a remarkable effect on the course 
of the jaundice while casein had no effect Eddy”’ studied the clinical 
course of thirty cases of toxic hepatitis following exposure to tnnitco 
toluene Ten cases had severe liver damage and about one third were 
fatal There were no fatal cases among those treated with methionine 
Although no controls were used, clinical and laboratory data before 
and after methionine therapy indicated general improvement 
What IS needed arc more detailed and controlled studies to deter- 
mine the exact usefulness of these suggested therapeutic agents Such 
agents may well prove to be successful adjuncts but should not be 
used to the exclusion of giving as complete a diet as possible To 
discuss the liver in relation to protein metabolism would require a 
monograph by itself The above short discussion upon the effects of 
dietary supplements in affecting the susceptibility of this organ to a 
variety of toxic agents indicates the magnitude of the problem It be 
comes certain that all these dietary factors affechng the liver metabo 
Iism are not acting independently one of another There will be a 
continual interplay of forces whose net effect will vary with the bal- 
ance of the nutrient essentials present 

REQUIREaiENTS OF PROTEIN IN THE NORMAL DIET 
Our thinking upon the relative requirements of any of these con- 
stituents, particularly amino acids is based largely upon the growth 
requirements of animals and short term balance experiments in nor- 
mal adults The determination of the requuements of the separate 
components m various abnormal states is urgently needed Until that 
an effort can be made to supply the tooivn essentials in more 
man adequate amounts 

During World War I the nutnbonol importance of protem was ex- 
pressed by the remark attributed to Professor Starling, “If you look 
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after the calories, protein will look after itself ” This is broadly true 
when total protein is concerned In the currently recommended allow 
ances of the National Kesearch Council-^ for protein for normal 
humans, protein furnishes approximately 6 4 per cent of the calories 
to be ingested by the adult man at vigorous work and 139 per cent 
of the calories to be consumed durmg the third trimester of pregnancy 
The additional recommendation is that -at least one third to one hjJf 
of this protein be of animal ongm while the remainder may come from 
vegetable protein This is m recognition of the fact that protems from 
animal sources are more complete in the ‘ essential” aimno acids, for 
in practice any dietary of natural foodstuffs wll furnish approximately 
10 to 12 per cent of the calories from protein Therefore, variety in the 
choice of food is good nutnhonal practice, for there is better oppor 
tunity to obtain a more balanced intake of the various essentials 

It IS of interest to consider what is known of the biological values 
of the common food proteins, as evidenced by their capacity to cause 
growth in adolescent animals, and also to correlate these observations 
with their known ammo acid composition Mitchell and Block’* have 
made such a correlation for twenty eight protems Whole egg protem 
IS taken as a standard protem mixture, which is completely digestible 
and utilizable, and for comparative purposes is assumed to have the 
optimum mixture of the known essential ammo acids The percentage 
deviation of the content of each essential amino acid from the corre- 
sponding content in whole egg protem is computed The hmihng 
amino acids thus indicated agree well with tlie reported feeding ex 
periments svith one or two exceptions, for which partial explanations 
can be advanced The limiting ammo acid vanes m different proteins 
Their order of frequency is lysme, 9 instances methionine, 5 cystine 
and methionine, 5 isoleucine, 3, and tryptophane, 1 This does not 
mean that only 1 ammo acid is deficient m a single protein for in 
many instances other essentials will also be low at the same time 
® g . tryptophane is bsted as the hmilmg ammo acid m gelatin and it is 
well Imown that it is also deficient in other ammo acids (cystine 
methionine valme) 

While these observations may appear academic in the practical 
problem of the nutrihon of the patient they must be considered m 
interpreting results of comparative feeding regimens It should make 
us cauhous m assaymg the successes or failures recorded under van 
Qus dietary regimens Success m one instance may depend upon the 
(unsuspected) relative abundance of other nutritionally important 
essentials and failure in other reported instances may be due to the 
relative paucity of substances not under direct test 
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CIRCULATORY PHYSIOLOGYs THE ADJUSTMENT TO 
BLOOD LOSS AIVD POSTURAL CHANGES 


Robert D Dripps M D • and Julius H Comroe, Jr , M D f 

Tiie circulatory adjustments that occur m man as a result of hemor 
rhage or of postural change mvolve physiological mechanisms which 
have direct diagnosbc and tlierapcutic applications for the surgeon 
No attempt will be made here to deal with other aspects of circulatory 
physiology 

The chief function of the circuhtion is the maintenance of an ade- 
quate blood supply to all parts of the body at the same time This 
could be accomplished b> requiring the heart at ill times to pump to 
each organ the maximal amount of blood that would ever be needed 
by it under any condition Such a phn would require a much larger 
blood volume than man has It would also require at all times cardiac 
activity greater than that in the severest burst of muscular activity 
for thou^ the muscles receive their maximal attainable blood flow at 
this time, other organs are not simultaneously at peak activity 

Actually the human circulatory system works with a relatively small 
blood volume and demands the use of only a small percentage of the 
total cardiac work capacity While this design conserves cardiac en 
ergy, it requires a complicated regulatory system which must be able 
to provide adequate amounts of blood to the organs that most need it 
This IS accomplished in large part by the sympathetic nervous system 

ROLE OF TIIE S^TUPATIIETIC NERVOUS SYSTEai IN VASOMOTOR 
ACTIVITY 

The sympathetic nervous system includes fibers whose stimulation 
leads to an acceleration and augmentation of the heart beat, and to 
secretion of adrenalin it also includes a large number of vasocon 
strictor fibers The latter are not distributed evenly throughout the 
body It IS important to note that the organs which have the most 
abundant vasoconstrictor innervation (the skan kidneys spleen and 
gastrointestinal tract) are those which are either nonessential to life 
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or those whose actuity can be dispensed with for a few hours At the 
other extreme are those organs (brain, heart, lungs) which are so vital 
that interruption of blood flow to them for onl> a few minutes would 
be disastrous, the \ essels of these organs have few or no sympathetic 
vasoconstrictor ner\es 

Cannon has provided an excellent explanation of tins arrangement. 
The sympathetic nenous s)stem functions as a whole When throavn 
into activity by socb {iiiidamental emergencies as the need for ‘‘flight 
or defense” or by hemorrhage, all parts of the sympathetic system 
become hyperactive Cardiac contractions are augmented and the 
artenoles are constricted in proportion to the degree of their sympa- 
.thetic mnervabon Thus the vessels in the “nonessential” organs will 
constrict markedly, those m the ‘ essential organs will not The conse- 
quence of this IS that blood is shunted from nonessential to essential 
organs and the blood flow to the cardiac, cerebral and pulmonary 
vessels can be maintained m times of emergency Skeletal muscles, 
needed for flight and defense, occupy an intermediate position and 
ha\e only moderate sympathetic nerxe supply, consequently diffuse 
sympathetic activity should lead to maintenanpe of muscle blood flow. 
The sympathetic control of the venous side of the circulation is still a 
matter for further research It is probable that, in times of emergency, 
the large veins contract and shunt their blood to the vital organs 

What determines whether the sympathetic nervous s>stem shall be 
active or inactive? Sympathetic activity in\ olvcs an outflow of nerve 
impulses through a vasomotor center, the most sensitive portion of 
which is located in the medulla, though it is continued into the spinal 
cord as well The activity of this center may be altered ( 1 ) by chem- 
ical factors acting directly upon it, or (2) by reflexes reaclung it from 
peripheral portions of the body 

1 Chemical Control of the Vasomotor Center —This is achieved 
largely by the tension or pressure of carbon dioxide acting upon the 
cells of the vasomotor center Inhalation of carbon dioxide increases 
the activity of this center, the inhalation of 7 5 to 10 per cent carbon 
dioxide in normal man can be expected to increase blood pressure by 
approximately 30/20 mm of mercury and to increase the pulse rate 
by 16 beats per minute * Conversely, decrease in arterial carbon 
dioxide, as by voluntary or mechamcal hyperventilation, should de- 
crease the activity of the vasomotor center Howev er, this decrease in 
function becomes apparent only in the anesthetized individual, for 
only in this instance does a decrease in arterial carbon dioxide tension 
lead to hypotension In normal man, hyperventilation does not lower 
blood pressure, probably because, under normal conditions, other 
more delicate regulatory factors mamtam the circulation 

* Since this - - 
the hram for C’ 

50 per cent as a 


he \essels of 
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The part played by carbon dioxide in the control of the normal 
human circulation appears to be a minor one One exception to this 
generalization is in asphyxia Another exception is found in hemor 
rhage shock or fainting in these instances blood flow through the 
medullary centers may be so reduced that it is not sufficient to cany 
away the carbon d oxide formed within these medullary cells This 
“piling up of metabolic carbon dioxide may stimulate these cells to 
greater activity 

2 Reflex Control of the Vasomotor Center— The most important 
reflexes acting upon the vasomotor center are those set up m the 
carotid sinus and aortic arch m response to changes in arterial blood 
pressure These receptors do not respond to drugs or to chemical 
changes in the blood (as do the chemical receptors in the adjacent 
carotid and aortic bodies) they react only to changes in blood pres 
sure within the aortic arch and carotid bifurcations These pressure 
receptors are the "pressure stats of the circulatory system and act 
Similarly to thermostats m a heating system If the house temperature 
rises above a desired level the thermostat keeps it dosvn by shutting 
off or by restraming the central heating plant the action of such a 
thermostat is wholly inhibitory 

Correspondingly if the blood pressure in the aortic arch or carotid 
bifurcation rises above normal the pressure receptors act reflexly to 
restrain the vasomotor center and so lower blood pressure to normal 
levels This is accomplished by lessening the degree of vasoconstric- 
tion and cardio acceleration On the other hand li arterial blood pres 
sure falls as in hemorrhage or shock the pressure receptors no longer 
restrain the vasomotor center and the sympathetic nervous system can 
become maximally active 

The pressure receptors of man are probably more sensitive than 
those of the common laboratory animals Procedures which lower 
blood pressure consistently and markedly in anesthetized dogs (such 
as intravenous nitrites or curare) lead to little or no hypotension m 
normal man This compensatory mechanism is so dehcate m man that 
tlie slightest tendency toward hypotension leads to instantaneous aug 
mentation of cardiac activity and peripheral vasoconstriction which 
tend to stabilize the arterial pressure * 

Many other circulatory reflexes are known (chemoreceptor cold 
pain proprioceptor axone venous pressure and nutritive reflexes) 
and each of these fills a defimte need However omission of these 
from further discussion is intentional since they play 1 ttle part m the 
circulatory adjustments to hemorrhage or positional change 

The status of the circulation at any particular time is not entirely 
the result of direct or reflex actions upon the vasomotor center Many 
substances can act enbrely peripherally to dilate or constrict vessels 

* As will be seen later this reflex mechanism is occas onally superseded by 8 
stronger influence probably ans ng m the cerebral cortex 
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and so alter blood pressure and blood distnbuUon Epmephnne in- 
jected intravenously can produce all die effects of sjTnpathebc stimu- 
iation even when the vasomotor center is no longer effective (de 
pressed by trauma, anesthesia or anovia or its penpheral connections 
disrupted by spinal anesthesia or by s>’mpathectomy) Ephedrme, 
amphetamine, des otyephednne and the like act similarl> in varying 
degrees Histamme, acetjicholme, nitrites, carbon dioxide and anox- 
emia act directly upon the artenoles as vasodilators the latter two in 
direct opposition to their central action through the vasomotor center 
Temperature changes also affect vessels directly in addition to their 
central actions 

PRACTICAL APPLICATIOS OF PmSIOLOGICAL PRINaPLES 

1 Hemorrhage.— Surgeons generally beheve that hemorrhage can 
be detected early and simply by noting a drop in arterial blood pres- 
sure and a nse in pulse rate 

This IS not usually true of small or even moderate sized hemor- 
rhages and IS not alwajs true even in hemorrhages of considerable 
extent Meek and Eyster* showed m 1921 that when hemorrhage is 
produced experimentally m dogs, blood pressure may not fall until 
moderate amounts of blood are withdrawn This is the result of com 
pensatory mechamsms brought into play As blood pressure starts to 
fall, the change m carotid sinus and aortic arch pressure receptors 
activity leads to a sbmulabon (le, less inhibibon) of the vasomotor 
and cardiac centers, vvath consequent augmentation in penpheral re- 
sistance and cardiac activity which may now be able to maintain 
arterial pressure Beyond a cnbcal point, even maximal vasoconstnc 
bon and cardiac accelerabon cannot mamtain blood pressure Before 
this point, blood loss changes artenal pressure very httle bej ond this 
pomt, even small blood loss may lead to a precipitous fall m pressure 
This cnbcal quantity in normal man appears to be about 1000 to 
1200 cc Of eleven subjects bled these amounts b> Shenlan and bis 
CO workers,* six showed very shght immediate ch^ges m blood pres- 
sure (avenge was a decrease m s>slolic pressure of 5 mm and an 
increase in diastolic pressure of 4 mm of mercury), m these the cir 
culatoiy adjustments were adequate In the other Eve subjects, bled 
9M to 1050 cc s>stoIic and diastolic pressures fell markedly, in the^e 
the Critical point had been exceeded and the compensatory mecha 
nisms vvere inadequate These data indicate that the existence of 

normar systolic and diastolic blood pressures do not rule out the 
‘^^^^Tcnce of a small to moderate hemorrhage parbcularly m indi 
vaduals walh excellent compensatory mechanisms 
The presence of moderate to intense v asoconstncbon is probably 
belter evidence of occult hemorrhage, since this indicates that the 
5>Tnpathetic nervous system has been called into acbvaty Foster and 
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associates'* measured volume changes in the fingers and toes of pa 
tients undergoing shock producing operative procedures These pie 
thysmograms showed that marked vasoconstriction occurred five to 
thirty minutes before blood pressure began to fall Conversely in 
fusion of plasma or whole blood in patients with shock and marked 
hypotension caused a return of blood pressure to normal values before 
the constricted vessels relaxed to any considerable extent Plethysmo 
grams approached normal only after further amounts of blood plasma 
or substitutes had been administered If blood pressure criteria had 
been used therapy would have been discontinued while the patient 
was still in a precarious state the circulation being maintained only 
by the maximal functioning of compensatory mechanisms 
Furthermore "nofmal” pulse rate does not rule out a diagnosis of 
hemorrhage for pulse acceleration does not always occur following 
hemorrhage m unanesthetized man Shenkins group^ bled normal 
volunteers 500 to 1500 cc and found that many subjects while supme 
had no significant change in pulse rate Tliey divided the effects of 
hemorrhage on healthy men into three stages of seventy “In the first 
stage the subject js sjmptom free at rest and has a pulse rate and 
blood pressure within normal limits Howexer on arising an undue 
acceleration of pulse rale and some diminution of blood pressure are 
found In the second stage there are still no noteworthy abnormalities 
as long as the subject is recumbent and at rest But the upright posi 
tion cannot be tolerated and syncope soon overwhelms the subject if 
he anses In the thu-d stage sjmcopal attacks accompamed by brady 
cardia occur even though the subject is at rest and recumbent In 
other words a diagnosis of hemorrhage cannot be made m otherxvase 
normal men by the pulse rate or by the level of arterial blood pres 
sure if the patient is supine However occult hemorrhage may be de 
tected by having the patient stand or tilling the patient into the feet 
doum position at this time either marked tachycardia or marked 
bradycardia may occur and either may be followed by abrupt syncope 
A diagnosis of internal hemorrhage may be overlooked if the pabent 
IS examined only ift the supine position 

Pulse slowing not only folloxvs hemorrhage but usually accom 
panics the loxv blood pressure that occurs m fainting® or in me 
vasomotor collapse that is frequently seen in unanesthetized inoi 
viduals tilted into the feet down position^ Cerebral anemia occurs m 
all of these instances Since bradycardia usually is noted also in the 
cerebral anemia attendant upon an increase m intracranial pressme 
it appears that anemia of the brain from any cause leads to brady 
cardia in unanesthebzed persons One would expect that in severe 
hypotension the pulse should be maximally accelerated because ot 
the release of the normal inhibitory influences to the vasomotor center 
from the pressure receptors Some new factors capable of blocking 
carobd sinus and aortic arch pressure receptor reflexes must operate 
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m these instances Brad) cardia rarely accompanies severe li)'polension 
in dogs or men anesthetized witli ether or barbiturates It is lihelv, 
therefore, that the bradycardia arises from the cortical regions which 
are most easily depressed b) narcotics Further evidence along these 
lines IS provided by tlie occurrence of bradycardia during spinal anes- 
thesia, under these circumstances the cardiac sympathetics may be 
blocked peripherally by a high level of anesthesia (T 1 -T 5 ) Brady- 
cardia does not as a rule accompany the hypotension of traumatic 
shock (as in simple hemorrhage) probably because of the interven- 
tion of simultaneous pun impulses, which tend reflexly to accelerate 
the pulse 

2 The Effect of Position upon the Circulation.— When normal 
man changes from the supine position into an ambulatory stale, symp- 
toms suggestive of circulatory collapse rarely occur Yet it has been 
shown that assumption of the erect position immediately pools at 
least 500 cc of blood in the lower extremities simply by the force of 
gravity The veins, venules and capillaries are distended by blood. 
The surgeon is familiar with the phenomenon of a patient “bleeding 
into his own capillaries’ because of the widespread capillary dilata- 
tion that may accompany traumatic shock Placing the patient m the 
sittmg or vertical feel-down position may be entirely analogous to the 
capillary pooling in shock, both may reduce effective blood volume 
and venous return This phenomenon was noted more than a century 
ago The following quotation is from Leonard Hills classical article 
upon the effects of gravity “Piorry m 1826 was summoned to a patient 
who had been trampled upon m the belly by a horse He was found 
supported by his friends 111 the sittmg position .md almost died Piorry 
immediately placed him horizontally and the patient at once recov- 
ered After Piorry’s departure, the patient insisted on taking his seat 
again in the carnage On doing so, he immediately became uncon- 
scious and died ” 

Normal man does not faint upon getting up because compensatory 
mechanisms immediately come into play to stabilize blood pressure 
True, systolic blood pressure falls slightly as a result of the decreased 
venous return to the heart However, pulse rate and diastolic blood 
pressure rise as a result of increased sympathetic activity to the heart 
and vessels, these changes are reflex ones initiated by the fall m the 
aortic arch and carotid sinus pressure that occurs upon standing 
Furthermore, if the subject is ambulatory, the contractions of his leg 
and thigh muscles force more blood upward and so increase venous 
return In a normal individual, these compensatory actions suffice to 
maintain blood pressure and an adequate circulating blood volume 

Certain abnormal procedures or conditions tend to depnve the in- 
dividual of his compensatory mechamsms or to accentuate the effect 
of change of position These may be hsted as follows 

(o) \Vhen an individual is made to assume an erect position with- 
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out muscular movements of the le^, the force which normally sup- 
ports the leg vems and pumps blood back to the right side of the 
heart is decreased Such a condition is easily obtained by tilting an 
individual lymg on a board into the feet-down position If the subject 
IS kept motionless in this position long enough, he will usually develop 
circulatory collapse and faint The average individual does not faint 
if maintained in tlus position for ten to fifteen minutes, and such a 
test IS sometimes used as an indication of the adequacy of an indi 
vidual s circulatory compensation 

This muscular pumping or supporting action may be depressed or 
abolished in spinal anesthesia, deep general anesthesia and during 
curarization It is more dangerous to operate upon individuals so 
deprived of this protective mechanism, especially if the operation in- 
volves considerable blood loss Patients with muscle atrophy as a 
result of disease or prolonged bed rest are more apt to faint when 
tilted feet down 

(b) Extensive sympathectomy depnves the patient of many of his 
compensatory mechanisms and so increases the risk of fainting when 
the patient is shifted to the upright posibon Pharmacological sym 
pathectomy may soon be a reality since the discovery* that dibenzyl- 
B chloroethyl amines may block for long periods all sympathebc motor 
activity in man Caution should be used m the employment of such 
drugs since their use decreases the normal protection of the body 
against hemorrhage and postural change 

{c) Any drug or procedure which m itself produces marked penph 
eral vasodilation decreases the effectiveness of compensatory mecha 
msms since the vasodilation opposes the attempts of the sympathebc 
system to constrict vessels Thus nitrites, by widespread peripheral 
vasodilation, pool blood in the extremities and so favor postural hypo- 
tension Likewise morphine dilates peripheral vessels and tends to 
favor the development of hypotension Drew and his associates^ have 
shown that fainting was four times as apt to occur when morphinized 
individuals were tilted feet down as when normal indniduals were 
tilted It is probable that large doses of morphine predispose toward 
shock, especially when tl ' ’ ’ by hemor 

rhage or by prolonged has been 

presented which suggest* 

It should be emphasized that a warm humid environment may also 
aggravate the effects of hemorrhage and postural change The use m 
external heat has long been employed as a means of increasing blood 
flow locally by inducing vasodilation However, when heat is applied 
to the whole body or when body temperature is elevated as in fever 
due to disease or to physical therapy, wdespread vasodilation may 
occur Under these condibons, hypotension is more apt to fohmv 
hemorrhage or tilting feet down It is possible that some of the hj^o 
tension seen during surgical operations results from the use of hot, 
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humid operating rooms. A cooler environment may pre\’ent this by 
maintaining better vascular tone. 

(d) The compensator>’ mechanisms are decreased when tlie vaso- 
motor centers are depressed by trauma, deep anesthesia, or prolonged 
anoxia. 

(e) The effect of postural change is accentuated by decreased cir- 
CTilating blood volume, as in hemorrhage or shock. In these conditions 
the venous return is already deficient and further reduction, duo to 
gra\atationaI factors, may overwhelm (he compensatory medianisms. 

Circulatory depression in the upright position may be prevented 
wholly or partially in a number of w'ays. Pooling of blood in the ex- 
tremities can be prevented by the use of clastic bandages from the 
toes to the groin or possibly by the use of pressure suits developed 
during the war to comb.at tlie effects of acceleralional gravity. Another 
preventive measure is the administration of sympathomimetic drugs 
which increase the tone of arterioles or venules and so prevent blood 
accumulations there. MacLean believes that "training”— by maintain- 
ing an individual in the feet-down position in bed for increasing in- 
tervals each day— prevents or reduces postural hypolcnsion.” Early 
ambulation (postoperatively) may prevent postural hypotension by 
not permitting the skeletal muscle atrophy that occurs following pro- 
longed bed rest 

SUMRURY 

1. The physiological mechanisms which tend to prevent circulatory 
collapse in hemorrhage (jr.in the enforced fccl-down position have 
been discussed. 

2. A diagnosis of extensive hemorrhage (1000 to 1200 cc. of blood) . 
cannot always be made by observation of the pulse and blood pres- 
sure. Occult hemorrhage can often be detected by measurement.s of 
peripheral compensatory vasoconstriction or by observations of pnlso 
and blood pressure when the individual is tilted fcct-down. 

3. The measures which accentuate or reduce tho effects of blood 
loss and of prolonged tilting have been dismissed. 
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CIRCULATORY CHANGES DURING SPINAL ANESTHESIA: 

THEIR PHYSIOLOGICAL BASIS 

Robert D Dripps, M D " 

' Spinal anesthesia can cause a decrease m blood pressure From the 
clinical standpoint a number of factors have been found to influence 
the incidence and degree of this hypotension ‘For example, if a pressor 
drug was not administered prior to the onset of anesthesia an average 
fall in systolic blood pressure of 36 per cent from the preoperative 
level was noted m an unselected senes of 500 patients ^ If methedrine 
(20 mg ) was given intramuscularly at the time of the lumbar punc- 
ture the average decrease in systolic pressure was reduced to 3 per 
cent in a comparable senes One can expect a greater incidence of 
Circulatory depression with higher levels of spinal anesthesia, m older 
patients, and m indi\adua!s whose initial blood pressures are above 
normal These facts ha\e been established statistically^ Clinicians 
vary in their opinions as to the effect on blood pressure of the different 
drugs used for the production of spinal anesthesia In our experience 
there has been no difference between procaine and pontocaine as far 
as vascular response is concerned Data on other agents such as nuper- 
caine, metycaine, monocaine and intracaine are not yet available 
Clinical impressions are therefore being subjected to statistical analysis 
and the facts outlined above have been established 

The most satisfactory approach to the circulatory adjustments made 
during spinal anesthesia is to measure these by phi/siological yard- 
sticks Data on cardiac output, venous pressure, renal blood flow and 
other factors influencing blood pressure have accumulated and theories 
as to the etiology of the decrease in arterial tension have evolved In 
this presentation the experimental evidence will be reviewed and an 
attempt made to incorporate this material into a working hypothesis 
With practical applications as far as prophylaxis and treatment is con- 
cerned 

A great deal of the data on the relation of spinal anesthesia to the 
circulation is based on animal experimentation This body of evidence 
will not be considered here since its applicability to man is question- 
able in many instances For example, the cat, dog and rabbit on w horn 
most observations have been made are tour-legged creatures, diflermg 
from man in the postural circulatory adjustments demanded Tlieir 
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carotid sinus aortic arch compensatory mechanisms are less sensibve 
and the tendency to “buffer out a decrease in blood pressure is less 
These animals also are at a distmct physiological disadvantage when 
placed on their backs the position utilized in most laboratory inves 
tigations Burstein'’ has pointed out that dogs under total spinal anes 
thesia with blood pressures of 50 mm of mercury in the supine posi 
tion showed a sustained rise in arterial pressure to 120 to 150 mm of 
mercury when turned on the left side Smith and colleagues* note the 
possibility that tying a cat or dog down on its back with legs extended 
may senously embarrass the venous circulation The introduction of 
an anesthetic and the failure to properly tram animals for observations 
in the unanesthetized state are other reasons for omitting animal data 
since the slate of the vascular system under these conditions cannot 
be regarded as normal We shall therefore consider only circulatory 
measurements made m man 

Spinal anesthesia that is the introduction of a local anesthetic into 
the subarachnoid space results in a block to conduction m vanous 
nerve pathways Clinically the onset of spinal anesthesia is character 
ized by a rise m skin temperature in the affected area This is followed 
by loss of sensitivity to heat and cold then to cutaneous and pressure 
pains The order of loss of these sensations is distmct though only a 
bnef time interval elapses between their disappearance Followng a 
distinctly longer period loss of motor function occurs then after an 
other short interval loss of joint sense and touch * This differential 
susceptibility appears to depend primarily on fiber size® Small un 
myelinated or lightly myelinated fibers such as those which carry 
sympathetic constrictor impulses to blood vessels are blocked before 
the larger more heavily myelinated sensory and motor fibers If the 
concentration of the local anesthetic is sufficiently low motor paralysis 
will not occur Thus one can avoid motor block entirely by adimnis 
tenng dilute solution or one can block motor activity in the lower 
areas of the cord only since as the anesthetic agent nses in the sub 
arachnoid space it becomes diluted by spinal fluid and the resulting 
concentration is insufficient to affect motor nerves The phenomenon 
of a very high sensory level (clavicles or above) avithout dangerous 
depression of respiratory exchange (intercostal muscles relatively 
spared) is thus partially explained Another reason for this divergence 
between motor and sensory levels is that the anterior or motor roots 
are probably exposed to a lower concentration of anesthetic agent 
when the patient is supine and a solution is used which is heavier than 
spinal fluid 

The significance of this difference in reactivity is as follows in one 
patient spinal anesthesia may provide pain relief without the produc> 
tion of any degree of muscular paralj^is in another the sensory level 
may be almost complete yet the upper intercostal muscles and di 
aphragm are spared and tidal air is unchanged in a third patient 
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sensory and motor block may both be almost complete As will be seen 
the circulatory reactions under such circumstances may be quite dif- 
ferent 

ARTCRIOLAR DILATATION 

The first thing noticed by the average patient after the mtroduction 
of a spinal anesthetic is a feehng of warmth m the legs In a normal 
individual the rise in skin temperature in the Io^^ er extremities may be 
as great as 10° C This is presumptive ewdence of cutaneous vasodila- 
tation On the basis of this reacbon the^ongmal theory of the cause of 
hypotension associated witli spinal anesthesia N\as Uiat of arteriolar 
dilatation and a decreased penpheral resistance This assumption was 
strengthened b> the observations that vasomotor ner\es were the first 
fibers affected by local anestheUcs * 

The relationship betiveen tlie inlerruphon of conducfaon in vaso- 
motor nerves supplying arterioles and the arterial hypotension seen 
after spinal anesthesia depends upon whether there is or is not a tonic 
discharge of constnctor impulses from the vasomotor centers in the 
medulla and spinal cord to the \essels of normal, unanesthetized man 
If tome activity exists, block of such impulses would result m arteriolar 
dilatation, reduction of penpheral resistance and a decrease m dias- 
tolic level of pressure Furthermore, if this were the only vascular 
change arteriolar dilatation should be associated with an increased 
venous pressure and an increased cardiac output, at least until cir- 
culatory collapse was imminent 

Using digital plethysmographs, Neuman and his co workers® ’ meas- 
ured the effects of spinal anesthesia on the penpheral circulation in 
the index finger and second toe of twenty eight patients In twenty 
patients (upper hmit of sensory anesthesia between Tn and T 4 ) the 
blood pressure remained essentially unchanged Within bvo to five 
minutes after tlie injection of the anesthetic, pulse waves in the toes 
increased three fold and there was a marked increase m the volume of 
the toe tip Concurrently, the plethysmogram of the finger showed a 
decrease in volume of the pulse waves and a gradual decrease in the 
total volume of the finger In the eight other patients there was a fall 
of the systolic blood pressure level of 40 to 80 mm of mercury ac- 
companied by a fall of about half of this amount m the diastolic 
pressure In four of these patients the response of the toes was the 
same as m those individuals whose blood pressure remained un- 
changed In the fingers, however, there was an mcrease m volume of 
pulse waves In the remaining four patients both finger and toe showed 
a marked decrease in size of the pulse w aves 
Since fingers and toes, disregar^ng tiie bone and tendons, are com- 
posed almost entirely of skin, blood flow readmgs for the most part 
represent cutaneous circulation® » The findmgs just noted therefore 
mdicate that vessels in the skm are in a state of partial constnebon, 
presumably as the result of tonic acbvity of the vasomotor center 
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blood flow changes in tlie foreann and leg represent changes m vas 
cular beds of muscle more than m those of the skm The data of 
Prinzmetal and Wilson’” suggest the presence of tonic constrictor ac- 
tivity m muscle These w orders blocked the tipper dorsal sympathetic 
ganglia of normal individuals with procaine and measured blood flow 
by a forearm plelhysmograph Anesthetization of the vasomotor nerves 
to the arm produced a 75 per cent increase in forearm blood flow 
Similar results were obtained by Barcroft and associates who found 
in addition that this response did not occur in sympathectomized sub 
}ects ’’ There can be little doubt of the presence of tonic vasomotor 
activity in blood vessels supplying muscles It is estimated that release 
of such tonus throughout the body musculation would increase its 
blood flow by 15 liters pei minute” 
tA decreased arteriolar tone as Ins been pointed out should result in 
a ditrunution in diastolic pressure Blood pressure readings after spinal 
anesthesia indicate a decrease in both systolic and diastolic levels of 
pressure Although the decrease in the former figures is greater as far 
as the number of millimeters of mercury is concerned * tlie percentage 
decrease is similar for both values * This is further evidence of tonic 
constrictor acbvily m normal man * 

Bovenstine Papper and Bradley”** have calculated peripheral re 
sistance m seven patients under spinal anesthesia with sensory levels 
ranging from to Co three patients showed a decreased peripheral 
resistance (12 to 27 per cent) two showed no change and two showed 
an mcre-ise (6 to 22 per cent) Failure to observe more of a diimnu 
tion in resistance under these conditions has caused these workers to 
postulate maintenance of arteriolar tone during spinal anesthesia This 
viewpoint IS supported by data of Smith and co workers* on renal 
blood flow during spinal anesthesia These authors on the basis of 
phenol red and diodrast clearances state that spinal anesthesia has 
negligible eflects upon the renal circulation We conclude thit the 
normal tone of the renal vessels is not significantly dependent upon 
sympathetic nervous impulses of central origin " This latter work has 
been of teal service to physiologists since it focuses attention on the 
possibility of local or humoral control of blood vessel tone m addition 
to control mediated througli vasoconstrictor impulses from the central 
nervous system 

k In summary it seems evident that there is vasomotor tone in human 
cutaneous and muscle arterioles and that this activity can be abolished 
by block of sympathetic nenes as would occur in spinal 'inesthesia 
The tonus of arterioles m the viscera has been measured only in the 
kidney so that it is not yet possible to determine the part played m 
mamtenance of blood pressure by resistance in vessels in the splanch 
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nic area, heart and brain. One of the factors in the decrease in blood 
pressure after spinal anesthesia is diminished arteriolar tone and de- 
creased peripheral resistance. That this is by no means the only physio- 
logical alteration responsible for the hypotension will be evident later4 


VENOUS PHESSURE 

If diminished arteriolar tone were the only factor concerned, venous 
pressure should rise initially as the increased flow in the capillaries is 
transmitted to the venous side of the circulation. Adriani and Roven- 
stine^^ measuring antecubital vein pressure directly observed a de- 
crease in venous pressure irrespective of a change in arterial pressure 
\vith levels of spinal anesthesia which decreased intercostal muscle 
activity (T4 or above). A further decrease in venous pressure oc- 
curred if arterial hypotension developed. No consistent changes were 
noted in “low spinals.” Tliese authors apparently did not observe any 
instance of an initial increase in venous pressure. Data of a similar 
nature were reported by Doud and Rovenstine'* who studied circula- 
tion time from the antecubital vein to the mouth, perineum, face, 
hands and feet. With levels of spinal anesthesia to To or above there 
was a constant decrease in the velocity of blood flow as determined 
by this •method. 


VENOUS TONE’ 

The decreased venous pressure and slowed circulation noted above 
are probably caused by stagnation or pooling of blood in capillaries, 
Venules and veins. This latter could be due to loss of skeletal muscle 
tone in the lower extremities and abdomen,^® or to the abolition of 
tonic constrictor impulses to veins. That veins can constrict can readily 
be demonstrated by direct stimulation of these structures. A renal vein, 
for example, can be se.en to narrow to the point of almost complete 
obstruction follo\ving direct trauma. Evidence of the presence of tonic 
constrictor impulses from the vasomotor center in the maintenance of 
venous tone has not been obtained in normal man, but certain observa- 
tions in this direction are pertinent. Papper and Imleri® believe that 
•the deep veins of the lower extremity are innervated by the lumbar 
sympathetic outflow. These authors state that e.\cessive tone of this' 
outflow can exist, resulting in spasm of the deep veins. Denervation of 
the veins by lumbar sympathetic block effectively removes this excess 
venous tone and allows the veins to dilate. These opinions were sub- 
stantiated by phlebographic evidence, Sousa-Pereira*'^ has also demon- 
strated increased venous circulation follo\ving interruption of the 
lumbar sympathetic chain, Venospasm of a degree sufficient to hinder 
or prevent blood transfusions has been reported under conditions of 
severe shock or hemorrhage.** During shock or hemorrhage one can 
assume increased vasomotor activity secondary to removal of inhibi- 
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tory reflexes from the carotid smus aortic arch areas It is logical to 
postulate that in addition to maximal narrowing of arterioles, the body 
would attempt to compensate for hypotension by decreasmg the vas 
cular capacity of vems Apparently this can attain such proportions 
that the introduction of fluid into veins can be accomplished only 
under pressure On the basis of this type of data it seems reasonable 
to conclude that there are tonic constrictor impulses to veins and that 
spinal anesthesia can reduce venous pressure tluough venous dilatation 

CARDIAC OinrUT 

The venous stagnation described above should be reflected in a 
diminished venous return to the heart and a decreased cardiac output 
Determinations of cardiac output in man before and after spinal anes- 
thesia are not common Schuberth’* using Grollmans method reported 
a decrease in cardiac output in 10 per cent of fourteen patients wth 
sensory levels between T3 and T7 In four other patients cardiac out- 
put increased His studies were made just pnor to operation, after 
ephetonme had been administered, and his control readings are ques- 
tionable because of the anxiety of his subjects Rovenstine and asso- 
aates*^ studied seven patients with the ballistocardiograph Three in 
dividuals showed no change with sensory levels of D4 Four others 
showed a decrease m cardiac output per mmute, ranging from 11 to 
22 per cent of control figures The height of spinal anesthesia in these 
instances was D5 to Co In three of the four patients the heart rate 
remained relatively constant so that a diminution m stroke volume was 
evident Correlation between cardiac output and mean artenal pres- 
sure was rather close in four of the seven patients, but in two others 
mean pressure fell considerably more than cardiac output, and 10 a 
third patient, despite a 16 per cent decrease in cardiac output, mean 
pressure rose 3 per cent It is evident that a diminution in cardiac 
output per mmute frequently occurs, but that this is not the only cause 
of a decreased arterial pressure during spinal anesthesia 

Important observations on the relationship between cardiac output 
and arterial hypotension have recently been made by Barcroft and 
associates These investigators measured cardiac output by the direct 
Fick prmciple with right heart catheterization Volunteers were bled 
by venesection, or blood volume was reduced by venous tourniquets 
A typical experiment was as follows During venesection heart rate 
increased while cardiac output and ri^t auricular pressure fell Blood 
pressure was largely maintained m spite of the decrease m cardiac 
output and therefore constriction must have occurred in the periphery 
vascular system A few minutes after the end of venesection blood 
pressure fell suddenly, the pulse slowed and consciousness was lost 
During the fainting spell cardiac output and right auricular pressure 
were higher than at the end of venesection when blood pressure iias 
still maintained It was clear that there had been a sudden great de 
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crease m total peripheral resistance This wis evident in increase in 
forearm blood flow measured plelliysmographically 
/In other words, decreased arterial blood pressure may be related 
to diminished cardnc output or diminished peripheral resistance, or 
both iDunng spinal anesthesia as in posthemorrhagic fainting dis- 
cussed above, these ‘variations are encountered 
jAssoaated with or as tlie cause of acute circulatory collapse there 
IS often a sudden slowing of the pulse ratej, This has been noted in 
posthemorrhagic fainting^ in the loss of consciousness accompanying 
assumption of the upright position"* and in spinal anesthesia ^^^Heart 
rate may decrease to 36 to 40 beats per minute This reduces cardiac 
output per minute Atropine blocks the reaction, so that it can be 
regarded as due to increased vagal activity Why vagal centers are 
stimulated, however, remains uncertain The important point is that 
cardiac output data alone mean little unless heart rate is knoivn A 
sharp reduction m output per mmute may be due entirely to brady- 
cardia j 

BLOOD \OLUME 

There is no information available as to the effect of spinal anesthesia 
on circulating blood volume in man From the theoretical standpoint, 
determinations of blood volume before and after subarachnoid block 
would be useful For example if a patient comes to the operating 
room with a blood volume distinctly below normal spinal anesthesia, 
even confined to the lower sensory levels, may precipitate circulatory i 
collapse This patient will already be compensating for reduced cir- 
culating volume and wiU be unable to meet the increased demands of 
spinal anesthesia A second possibility is loss of fluid from capillaries 
because of capillary stagnation, anoxia and increased capillary per 
meabihty If this can be demonstrated, even a normal blood volume 
may be reduced by anesthesia 

RESPIRATORY DEPRESSION 

As the level of spinal anesthesia rises in the subarachnoid space an 
increasing number of intercostal muscles may be paralyzed until m 
some instances a serious decrease m tidal au: occurs Tins respiratory 
depression might affect the circulation in three ways First because of 
thoracic muscular paresis or paralysis there is less negative pressure 
m the pleural cavity during inspiration The “thoracic pump action 
of respiration is thus decreased and less blood is drawn into the chest 
Second decreased action of the supra umbilical muscles removes pres 
sure from the abdominal blood vessels and thus decreases the flow of 
blood towards the heart Third, depressed tidal exchange may result 
m inefEcient saturation of hemoglobin a fall in oxygen tension and 
a rise in carbon dioxide tension all of which may be detrimental to 
me vasomotor center 

Again, quantitative studies on the respiratory alterations produced 
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by spinal anesthesia In man are few Gray and Parsons first called 
attention to this relationship in 1912 but they offer only very rough 
data on depth of breathing** This was obtained by passing a band 
around the patients chest to this was attached a small tambour These 
workers noted that thoracic excursions became smaller and diaph 
ragmatic excursions became pronounced as the level of anesthesia 
ascended Schuberth'* measured tidal air m sixty one pitients before 
and after spinal anesthesia Thirteen of the group exhibited a 40 to 
70 per cent decrease m systolic pressure after the onset of anesthesia 
the remainder showed far less change in levels of blood pressure No 
consistent changes in tidal air were demonstrable for example die 
degree of change ranged from plus 70 to minus 50 per cent in the 
individuals with marJeed hypotension and from plus 66 to minus 51 
per cent in the indiv iduals whose blood pressure remained relatively 
stable In thirty five subjects tidal air increased in twenty six it de 
creased The data indicate therefore that “considerable falls m blood 
pressure may exist even though tidal air is increased " There are no 
data in man on arterial oxygen saturation or carbon dioxide tension at 
various levels of spinal anesthesia Nor has there been any systematic 
attempt in man to correct the arterial hypotension during spinal anes 
thesia with various methods of artificial ventilation Anmnl work le 
ported by many workers * * shows that a normal arterial pressure 
can be restored with a Drinker respirator or by exte/nal pressure on 
the chest (expiration) foUowed by manual compression of a breathing 
bug fitted to a face mask (inspiration) Clinical impressions suggest 
that inhdation of 100 per cent oxygen is of value m raising a lowered 
blood pressure and that the deep breaths and straining which accom 
pany vomiting are also helpful in this respect 

FACTORS PERTAININC TO SURCICAL I^TER\^E^TIO^ 

The physiological alterations discussed above have all been studied 
m normvl unoperated man before and after spinal anesthesia They 
represent changes m the circulation caused by the introduction of a 
local anesthesia into tlie subarachnoid space During surgical opera 
tions there are many additional factors which may cause depression of 
blood pressure Tliese are not peculiar to subarachnoid block but may 
occur uodcr any tj'pe of jnesthesfs They rnoJwde fraepon reflexes 
excessive use of packs and retractors pressure on the thoracic cage 
by assistants at the operating table hemorrhage surgical si ock and 
psychic depression secondary to fear In the clinical practice of anes- 
thesia and surgery it may be difficult to distinguish between these 
Vinous causative agents 

VUTIIORS CO^CEPT 

\|Tt is apparent from the foregoing discussion that many physiologic^ 
changes combine to produce the decrease m blood pressure assoentw 
With spinal anesthesia As the local anesthetic ascends m the swo 
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arachnoid space, more and more vasomotor pathways to arterioles are 
blocked. Less certain, but likel>% is a similar block of tonic constrictor 
impulses to veins. In addition to this loss of vascular tone, there occur 
varying degrees of reduction of the skeletal muscle pressure exerted 
on veins in the legs and abdomen. Finallj’, diminished respiratory ac- 
tivity may be mirrored in decreased aspiration of blood into the thorax 
and a«-less efficient exchange of oxygen and carbon dioxide in the 
alveolij 

The most important single factor will var>’ from patient to patient. 
In one individual a decreased peripheral resistance may play the pre- 
dominant role in precipitating vascular collapse; in another respiratory 
depression with anoxia may be the final factor responsible for a break 
in circulatory compensation, in a third tlic principle cause of the hypo- 
tension may be a blood volume which was low prior to onset of spinal 
anesthesia and proves inadequate to fill the increased vascular bed. 

Any tendency towards a lowered pressure in the carotid sinus-aortic 
arch area immediately decreases the stream of inhibitory’ impulses 
which these stretch receptors have been sending to the vasomotor 
center. Increased vasoconstriction can therefore be expected in periph- 
eral areas whose nerx’e supply has not been interrupted by the anes- 
thetic agent. In some individuals with reactive vessels this compensa- 
tory constriction can maintain circulatory adequacy. In others, com- 
pensation fails to develop, perhaps because of arteriosclerosis, perhaps 
because of abnormal nerve supply. If the circulating blood volume is 
borderline prior to spinal anesthesia, even a small increase in vascular 
volume will be poorly tolerated. 

In the day-by-day use of spinal anesthesia, patients will be encoun- 
tered who show no depression of blood pressure despite a sensory 
level above the clavicles. These arc usually young individuals in 
whom compensatory constriction is maximal, whose blood volume is 
adequate and who may possess a greater tendency towards the de- 
velopment of autonomous tone in peripheral vessels. Other patients 
will have alarming reactions with sensory levels below the 

umbilicus. These individuals ate usually in the older age groups, pre- 
sumably with arteriolar sclerosis and less ability to compensate. As 
has been pointed out, quantilative measurements of various circula- 
tory components indicate at one lime one significant change, at an- 
opier time another. The multiplicity of elements concerned with 
circulatory adequacy make this understandable. There is a need for 
further study, of the problem in man, for the paucity of data in the 
human is impressive. 


PIIACTICAL ASPECTS 

*^6 circulatory alterations caused by spinal anesthesia make this 
^ethod particularly indicated for patients with mitral stenosis requir- 
es operation, if the operative site is within the reasonable limits 
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mg operation, if the operative site is within the reasonable limits 
reached by subarachnoid block Tlie pathological physiology of mitral 
stenosis is that of incipient pulmonary congestion, increased venous 
pressure and increased work by the right side of the heart Spinal 
anesthesia by pooling blood in the periphery, by dilating veins and 
decreasing venous pressure can be regarded as a bloodless phlebotomy, 
a procedure indicated for this particular type of cardiac abnormahty 
By the same reasoning, spinal anesthesia may be employed m the 
therapy of pulmonary edema With such a method of treatment, 
diminution of venous pressure can be accomplished without a reduc- 
tion of hemoglobin This may be of importance m patients with low 
hemoglobin levels Only a few case reports axe available and the 
technic must be regarded as experimental 

Prophylaxis and therapy of postspinal hypotension involves the use 
of pressor drugs When the vanous sympathomimetic ammes such as 
ephedrine, neosynephrine and methcdrine were originally employed 
the thought was that these substances exerted their effects by a periph 
eral arteriolar constriction It is now recognized that their action is 
more widespread, involving m addition a constrictor action on veins 
and a direct stimulant effect on the myocardium It is mteresting to 
note that these actions are all indicated during spinal anesthesia 

The multiplicity of circulatory actions following spinal anesthesia 
makes it evident that this method can be a poor diagnostic tool in the 
detection of hypertonicity of the sympathetic nervous system m such 
disease entities as peripheral vascular disease, causalgia and hyper 
tension So many factors enter into the changes m blood flow and 
blood pressure after spinal anesthesia that a prediction of the effects 
of surgical sympathectomy is difficult 

If venous stagnation and pooling of blood in the periphery is an 
important cause of a low blood pressure, bandaging the lower ex 
tremities,* *2 stimulation of skeletal muscle electrically*® or assump 
tion of the Trendelenburg position*^ should all be useful therapeutic 
adjuncts Although these measures occasionally are of value, in many 
instances they have proved disappointing This is one more indication 
of the complexity of the problem Use of pressure or blackout suits 
developed for aviators might be of more help since, in addition to 
support of leg blood vessels, there is mcreased pressure on abdominal 
vessels as well Such suits, of course, could not be used in surgical 
practice 

SUSniARY . 

The physiological basis underlying the decrease m blood pressure 
associated XMih spinal anesthesia has been discussed A variety of 
alterations in function combine to produce this hypotension The pr^ 
dominance of each factor vanes from patient to patient Some of the 
practical applications of thwe funcbonal changes in the circulation 
have been presented 
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VE^OUS THRO’MBOSIS AND PUL.AIO>ARY EJIBOLISM 
Charles K Kirby, M D * 

With a reducbon in the morbidity and mortality in surgery as the 
result o£ improved pte and postoperative care, the use of new chemo- 
therapeutic agents, and effective measures for preventing and combat 
mg peripheral vascular collapse, increasing mterest has been shown in 
the less common problems wluch complicate surgical procedures 
Among these problems are venous thrombosis and pulmonar)' em- 
bolism Numerous studies during the past few jears have mcreased 
our loiovvledge of tlie pathologic physiology of thrombosis and em- 
bolism and have introduced new concepts which are proving helpful 
in the search for successful methods of prevention and treatment Im 
portant recent concepts which are rapidly gaming acceptance are the 
following 

1 Venous thromboses of clinical importance, including those which 
cause pulmonary embolism, usuall> originate in the vems of the lower 
extremities, principally m veins below the knee 

2 Venous thrombosis and pulmonary embolism occur as commonly 
in the “medical” diseases as they do following surgical operafaons 

3 Venous thrombosis m the lower extremities of middle aged and 
elderly persons confined to bed is a frequent occurrence, being found 
m about 50 per cent of such persons d>ang from all causes 

4 Acute thrombophlebitis and phlebothrombosis, or bland throm 
bus formation, are disUnctly different pathological and chnical en 
titles In acute thrombophlebitis, which is readily recogmzed chmcally 
by a marked inflammatory reaction and vasospasm, thrombi are usu- 
ally firmly adherent to the walls of the involved veins In phlebothrom 
bosis which often has minimal clinical symptoms and signs, or may 
not be recognized clinically, the thrombus is so loosely attached to the 
vein wall that it may be easily dislodged, with resulting pulmonary 
embolism 

In recent years new prophylacbc and therapeutic techmes, notably 
the use of anticoagulants and of proximal vein ligation have been 
introduced Even though they have not prov ed to be the final answer 
to the problem recent progress has done much to allay discourage 
ment regarding thrombosis and embolism The former (and relatively 
rwent) belief that deaths due to pulmonary emboUsm are “unavoid 
able catastrophes,” has been largely replaced by a confidence that 

From the Hamson Department of Surgical Research, School of Medieme Uni 
vers^ty of Pennsylvania 

Fellow and Instructor in Surgery School of Medicme Umversity of Penn 
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these deaths can be minimized or possibly elimmated by further im 
ptovemenls in prophylactic and therapeutic measures 

INCIDENCE 

The frequency of venous thrombosis in tlie postoperative period 
cannot be stated with certainty Reported incidences in clmical studies 
range from a fraction of 1 per cent to more than 10 per cent probably 
because of the variability of diagnostic criteria Although the diag 
nosis of classical acute thrombophlebitis may readily be made signs 
and symptoms may be mimmal or absent in phlebothrombosis Thus 
the frequency of silent thrombosis cannot be accurately determined by 
chrucal methods Laboratory tests designed to show an increased tend 
ency for the blood to clot do not at present detect the presence of 
intravenous clotting to the exclusion of other factors which may id 
crease the coagulability of the blood Recent demonstrations' * that 
venous thromboses occur commonly in middle aged and elderly per 
sons dying from any cause suggest that postoperative intravenous clot 
ting may be much more frequent than previously reported or sus 
pected 

Since the incidence of postoperative thrombosis is uncertain the 
frequency with which pulmonary embolism follows thrombosis is also 
unknown The occurrence of pulmonary embolism folloivuig diag 
nosable phlebitis may be ascertained but the comparability of dif 
ferent studies is of questionable value because of different criteria 
used Welch and Faxon * using rigid diagnostic criteria found in 250 
cases of recognizable phlebitis that one in three had an infaict, 
while one in twenty five developed fatal pulmonary embolism 

Information concerning the occurrence of fatal pulmonary embolism 
following surgical operations is somewhat more definite Allen* states 
that the incidence of fatal embolism in the convalescent period is 1 m 
800 At the Henry Ford Hospital m Detroit m an analysts of 118611 
operations Lam and Hookei* found that fatal embolism was respon 
sible for the death of one patient in each 1500 operated upon for all 
reasons " In a statistical analysis of more than 178 000 operahons at 
the Mayo Clinic ® fatal embolism was found to occur in about 1 in 800 
At the Hospital of the University of Pennsylvania m a study of more 
than 66 000 operations we have found the incidence of fatal embolism 
to be about 1 m 1200 operations 

Pulmonary embolism is the cause of about 5 per cent of all post 
operative deaths 

PREDISroSINC FACTORS 

Normally blood does not clot within the veins during Iffe The pow 
etful hemostatic mechanism of blood coagulation is instantly available 
however to arrest the loss of blood when injury occurs Without this 
mechanism or if this mechamsm were less effechve even trivial m 
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juries would be extremely serious and all surgery would be hazardous 
For these reasons the predominance of medical ^and surgical interest 
m the past has been m aiding blood coagulation The current use of 
thrombin, fibrinogen and other agents which aid m coagulating blood 
are representative of the fact that in certam conditions the normal 
blood clotting meclianism does not stop blood loss adequately, even 
with the help of the usual surgical, hemostatic maneuvers Under cer- 
tain circumstances discussed below, on the other hand, clotting of the 
blood in the veins during life does occur A thorough knowledge of 
the conditions under which this occurs is of obvious importance if 
mtravenous clotting is to be prevented 

The classical triad of factors thought to be involved in venous 
thrombosis is (1) slowing of the circulation, (2) increased coagulabil- 
ity of the blood and (3) injury to the mtima of the veins In patients 
who develop thromboembolic disease one or more of these factors can 
usually be shown, or presumed, to be present, although httle is kno%vn 
about the relative importance of tlie three factors or whether any one 
factor alone is suflacient to cause intravenous clotting under predictable 
circumstances 

Slowing of the circulation m the lower extremities may occur as the 
result of any interference with the factors concerned in venous return, 
le. negative pressure within the thorax, the pumping action of skele- 
tal muscles, and capillary pressure Following many operations, par- 
ticularly laparotomy, h>'poventilation is common, with diminished ef- 
fectiveness of the thoracic pump The importance of this mechanism 
has been demonstrated experimentally’ ® The frequency of thrombo- 
embolic disease following operations on the abdominal viscera has led 
many to suggest that postoperative abdominal distention after such 
procedures may slow the venous return from the legs The experiments 
of hlcLaughlm and Levering® \vilh acute gastric dilatation support 
this view 

The effect of immobilization m slowing the circulation of the lower 
extremities has long been recognized, and this factor is commonly 
thought to account for the frequency of thromboembolic disease in 
patients immobilized for long periods, e g , certain fractures Potts and 
Smith’ have shosvn m experiments on dogs the effectiveness of exer- 


cise in increasing the venous return from the legs 
In clinical studies the incidence of thromboembolism has been found 
to be higher in patients with cardiovascular disease,’® presumably 
bemuse of decreased circulation time McCartney’- found thrombo- 
embolism to occur three times as commonly m persons with heart dis- 
ease as in persons with normal hearts Smoking, beheved to cause an 
incrwsed tendency to thrombosis by its vasospastic effect, has been 
en^asized as a contributing factor of some importance 
The vasospastic effect of cold is thought to account for the differ- 
ence m incidence of intravenous dotting in warm and cold weather 
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and in different parts of the country ** In general, intravenous clot 
ting has been founi^ to occur more commonly in winter and spring 
than during summer months, .and the incidence is higher m northern 
states thin m the South Oclisner** states that the average incidence in 
northern states is 0 74 per 100,000 population as compared with 0 41 
per 100,000 popuhtion m southern states 

Other factors which may influence the incidence of thiomboem 
bohsm by affecting the circulation are obesity’® and varicose veins * 
Finally, ffie circulatory retardation accompanymg old age, even in the 
absence of conspicuous cardiovascular disease, may contribute sig 
nificantly to the predominance of intravenous clotting m the old age 
group 

The similarity of the process of venous thrombosis to the normal 
mechanism of blood coagulation has led many to believe that the effect 
of various factors in increasing the coagulability of the blood may be 
of major importance m precipitating thrombus formation Ochsner” 
states that injury to tissue from operations, accidental trauma, deliv 
cries, and infection or malignant disease, results m increased coagula 
bility of the blood because of the "absorption into the blood stream of 
noxious substances derived from the traumatized cells ” Increased co- 
agulability IS thought to result from changes in the plasma and in the 
formed elements of the blood Changes in the plasma consist of in- 
creased viscosity, hypoproteinemia, hyperglobulmemia, increased fi- 
brinogen content, increased antitryptic power, increased peptidase 
increased calcium content, and decreased carbon dioxide combining 
power The altered albumin-globulin ratio causes an increased eryth 
rocytic sedimentation rate Changes in the cellular elements consist 
of an mcrease in thrombocytes and leukocytes, a decrease in eryth- 
rocytes, and increased agglutinability of the thrombocytes, which is 
"probably responsible for the initiation of a thrombus ’ De Talcats 
believes that "any lesion which liberates thrombokmase will accelerate 
blood clotting,” citing as examples injuries to tissues, especially mus 
cles, massive wounds of the extremities and surgical trauma 

Since the usual simple tests of the clotting mechanism do not reveal 
increased clotting tendencies with any reliability, more sensitive tests 
for detecting increased coagulability haxe been sought For this pur- 
pose de Takats’* has proposed the "hepann tolerance test” This test 
is based on the response to the intravenous administration of 1 cc 
(10 mg ) of hepann as determined by the clotting time (capillaiy 
tube method) ten, twenty, and thirty minutes after the injection A 
decreased response to hepann, mdicatmg an increased clotting tend 
ency, has been found in postoperative patients, m Buerger s disease, 
and in the presence of any kind of intravascular clotting The normal 
response to hepann can be restored by the administration of 
or dicumarol An increased clotting tendency may also be detected by 
the prothrombin time determinabon, using diluted plasma ” This test 
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can be performed with accuracy only by highly tramed technicians 
Evaluation of the usefulness of these tests in determining whether a 
patient is likely to develop, or Ins already dev eloped, a thrombus, will 
obviously require careful study of large numbers of patients 
The effectiveness of injury to vessels in causing thrombosis has been 
shown repeatedly m animal experiments The infiuence of this factor 
clinically is doubtless of importance in traumatic lesions of the lower 
extremities, particularly in fractures The importance of injury to ves* 
sels per se is dilBcult to evaluate in man) instances, how ever, because 
of the presence of another factor, i e , slowing of the circulation due to 
immobilization Intimal changes in diseases characterized by frequent 
thrombosis, such as Buerger’s disease and arteriosclerosis, may con 
tribute largely to thrombus formation 
Although thromboembolism may occur after operations on any part 
of the body, it occurs more frequently after operations on certain 
parts of the body and on certain viscera In addition, the magnitude 
of the operation is of obvious importance, since these complications 
are rare after operations which affect but slightly the patient’s normal 

TABLE 1 —SEX DlSTRIBUTIOV OF PULMONARY EMBOUSM 
IN 67,400 OPERATIONS 

All Cases of 

Embolism Fatal Cases 

Males 76 35 

Females 42 ^ 

Total TTS 54 

achvities Thrombosis and embohsm occur most commonly after op 
orations on the bladder and prostate, the stomach, uterus, colon and 
rectum, biliary tract, appendix, and inguinal hernia, and after severe 
tractures of the lower extremities The incidence is considerably lower 
after operations on the head, neck and throat At the Hospital of the 
University of Pennsylvania there has not been a single instance of 
^wbohsm, fatal or nonfatal, after thyroidectomy This has also been 
he experience at the Henry Ford Hospital in Detroit ^ Since postop 
*^^°”^boembolisin follows operabons on abdominal viscera in 
^Sh percentage of instances, it seems fair to assume that opening 
, ® ^^OBiinal cavity must be a factor of considerable importance in 
® wvelopment of these sequelae This, as menhoned previously, 
l^ay be due in part to the abdominal distention which frequently fol 
lows these operations 

at ^ ®''®^'^oting the ebologic influence of the part of the body oper- 
upon, two other factors must be considered, i e , age and sex 
^erations on the prostate and bladder, for example, are done prm- 
thr^ seventh decades, the time of life when 

omboembolism is most prone to occur In regard to sex differences, 
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pulmonary embolism, both nonfatal and fatal, occurs more commonly 
in men than in women in a ratio of about 3 2, as will be seen m 
Table 1 This is m close agreement wnth the findings of others ® * 
The importance of age as a predisposing factor in pulmonary em- 
bohsm has long been recognized In most statistical studies it has been 
shown that the majority of patients are above the age of forty when 
embolism occurs This has been stnking m our experience, as is shown 
m Table 2 Of all persons who had embolism, 84 per cent were above 
the age of 40, and of those who hid fatil embolism, 92 per cent were 


TABLE 2 —AGE DISTRIBUTION BY DECADES OF PULMONARY 
EMBOLISM IN 67 400 OPERATIONS 



All Cases of 


Decade 

Embolism 

Fatal Cases 

0- 9 

0 


0 

10-19 

2 


0 

20-29 

5 


3 

30-39 

11 


1 

40-49 

19 1 


5 


50-59 

60-69 

37 1 
28 1 


16 1 
16 1 

mi 

70-79 

16 j 


13 , 


80-89 

0 


0 

Total 

118 


54 


above the age of 40 Only four of fifty four patients who had fatal 
embolism were below the age of 40 
The number and variety of predisposing factors emphasize the com 
plexity of the problem of thromboembolism Each of these factors is 
doubtless of importance in certim instances The coexistence of a 
number of these factors in one individual probably increases the like- 
lihood that a thromboembolic complication may develop Of all the 
factors considered, however, there are two which stand out above the 
others in importance, since they coexist m more than 80 per cent of 
all embolisms, fatal and nonfatal These are (1) the patient is above 
the age of 40, and (2) the patient has been confined to bed for a few 
days or longer 


PIIOPHYLAXIS A^D TREATME>T 
In recent years it has become widely recognized that the most 1^ 
cal approach to the problem of thromboembolism is prophylaxis Ex- 
cluding embolism, the problem of thrombosis of the veins of the lower 
extremities is in itself formidable Post thrombotic edema and ulcera- 
tion cause much suffering and disability, and their treatment 
discouraging In regard to embolisr * _ -v 

tic if a significant number of lives 
in studying thirty recent deaths d ^ 
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that hventy five (83 per cent) of the deatlis occurred without any ap- 
parent warning De Takats has found that 40 per cent of pulmonary 
embolisms occur without warning In anal)^ng twenty-eight deaths 
due to pulmonary embolism on the Surgical Service of thoHospital 
of the University of Pennsylvania since 1940, the first evidence that 
thrombosis had occurred in hventy (71 per cent) of the patients was 
the occurrence of tlie embolism which caused death 
Ochsner” believes “that most, if not all, cases of intravenous clot- 
tmg can be prevented by the institution of appropriate prophylactic 
measures ” Many others share this enthusiasm regarding the effective- 
ness of prophylaxis, although there is not universal agreement con- 
cerning the value of various prophylactic measures Among the meas- 
ures proposed and m common use are exercise in bed, with and with- 
out special apparatus, frequent change of position in bed, avoidance 
of positions in bed which cause kinking of the popliteal and iliac 
veins, carbon dioxide inhalations, abstinence from tobacco during the 
pre- and postoperative periods, wearing of elastic stockings or ban- 
dages pre- and postoperatively, elevation of the foot of the bed, ele- 
vation of the head of the bed, apphcation of heat to the lower ex- 
tremities, or to various parts of the body, to produce reflex vasodilata- 
tion, the use of digitalis and various cardiac stimulants, correction of 
anemia and dehydration, weight reduction in the obese, gentle “atrau- 
matic” operative technic, with the use of nonabsorbable ligatures and 
sutures, avoidance of abdominal compression bandages and binders, 
prevention and energetic treatment of abdominal distention, and the 
use of thyroid extract Many of these measures hive supposedly been 
shown by statistical studies, often of doubtful significance, to lower 
the mcidence of thrombosis and embolism, and many are currently 
iR use in surgical clinics throughout the world 

In addition to the above, three other prophylactic measures are 
under investigation at present on a xvide scale These are (1) early 
ambulation, (2) the use of anticoagulants, and (3) proximal vein 
hgation 

Early Amlmlation.— Advocates of early ambulation, in which the 
patient is got out of bed on the operative or first postoperative day, 
or early in the postoperative period, point to the fact that thrombosis 
and embolism rarely occur in persons who are not confined to bed by 
an operation or illness Use of this technic in surgical clmics is not 
new Since the first report by Ries*^ in 1899, the value of early post- 
operative rising has been extensively studied in Europe and in this 
country Ochsner^^ reports that at the Essinger University Chnic, from 
1906 to 1912, when patients were got out of bed at the end of the 
second week, the incidences of postoperative thrombosis and fatal 
embolism were 2 63 and 1 4 per cent, respectively At the same clinic, 
horn 1912 to 1918, when patients were got out of bed behveen the 
second and fifth day, the incidences were reduced to 1 75 and 0 6 
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per cent, respectively Von Jasdik^^ found that after the institution 
of early ambulation the incidence of thromboses and fatal embolism 
was reduced from 2 per cent and 1 per cent to 0 5 per cent and zero 
Zava/* using early ambulation in postoperative patients, many of 


tical studies of methods of prophylaxis and treatment 

If we assume from Zavas experience that embobsm may be ex- 
pected in less than one in 6000 patients as the result of early ambula 
tion, the superiority of any other prophylactic method xvill obviously 
have to be proved by many thousands of pabents Among others who 
have recently studied the incidence of thromboembolic disease m 
pabents rising early in the postoperative period are Leithauser,*® Nel 
son,** Powers,^* and Dlngianni*® Blodgett and Bealhe'*’ found the 
incidence of deep leg thrombophlebitis to be somewhat greater in an 
early rising group of patients as compared xvjth a late rising group 
Various opimons regarding the effectiveness of early ambulation have 
recently been reviewed by Newburger ** 

Anticoagulants.— The use of anticoagulants is based on the beUef, 
discussed previously, that under certain conditions the coagulability 
of ’ ' * * ’ r , _ 1 

ha« 

fat ,, , , • 

their prophylacbc use in conditions known to be accompanied most 
frequently by intravascular clotting Among the principal advocates 
of anticoagulants are Barker and his associates at the Mayo Climc, 
who have used dicumarol in more than 1000 pabents^® ' for the pur- 
pose of preventing postoperative venous thrombosis, pulmonary etn 
bolism, and thrombophlebitis ” Dicumarol was given prophylacbcally, 
tor example, to 438 patients who had not had previous tfuombopbleb 
lbs or embolism, beginning on the second day after abdominal hys 
terectomy In two patients thrombophlebitis developed m vems of me 
calf of the leg after the patients discharge from the hospital, when 
the prothrombin had returned to normal, and none had emboh la a 
control group postoperative thrombophlebitis and embolism occurred 
m 4 per cent and fatal embolism m 07 per cent after this operabon 
As opposed to venous ligahon, the use of anticoagulants is beheved 
to be the prophylacbc measure of choice because thrombosis is pre- 
vented throughout the body, additional surgical procedures are not 
required, am’ ’ ’ ’ * * * 

lower extrem 
extensively a * ' 

m their mode of action, and each of these agents has certain hmita 
tions and advantages 

Heparin —The anhcoagulant properbes of heparm were first note 
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in 1916 by J. MacLean, a medical student studying the thromboplastic 
behavior of several phosphatides in Howell’s laboratory. Extensive 
studies of the heparphosphatide with which he was dealing were sub- 
sequently made by Howell, who proposed the name “heparin to 
denote its origin in the liver. In 1933 Charles and Scott of the Con- 
naught Laboratories in Toronto, working on the purification of heparin, 
in obtaining a crystalline batinm salt from ox long. In the 
same year Schmitz and Fischer, working independently in Copen- 
hagen, obtained a pure brucine salt. The extensive experimental and 
clinical studies which followed the purification of heparin have re- 
cently been reviewed by D’Alessandro.®' The use of heparin in vascu- 
lar surgery and in other conditions has previously been reported from 
this clinic.^3. 34 anticoagulant effect of heparin is demonstrable 
both in vitro and in vivo. Despite controversial opinions among ex- 
perts in this field, it is the opinion of the majority that heparin acts 
both as an antiprothrombin and, with a component of the serum- 
albumin fraction, as an antithrombin. In addition, there is evidence 
that it may affect the liberation of ihrombokinase from platelets. 

The chief disadvantages of heparin have been its high cost and the 
necessity for continuous or frequent parenteral administration to main- 
tain persistent elevation of the dolling time. In this clinic Walker and 
Rhoads®® have sho\vn, however, tliat the complementary effect of 
heparin and dicumarol make it feasible to reduce the amount of 
heparin required. In dicumarinized patients, with a prothrombin time 
of 20 to 30 per cent of normal, intramuscular injections of heparin at 
intervals of eight to twelve hours result in a prolonged and evenly 
maintained elevation of the coagulation time. 

Loewe®® and his co-workers have recently advocated the subcu- 
taneous administration of heparin in Pitkin’s menstruum, which delays 
absorption. A single subcutaneous inj’ection of 300 mg. of heparin in 
Fitkin’s menstruum has been found in most instances to cause eleva- 
tion of the coagulation time for forty-eight hours. “Satisfactory results 
have been attained over protracted periods (five weeks) \vith as little 
as 2300 mg. of heparin. At least 10,500 mg. would have been required 
to achieve the same results intravenous commercial, aqueous 
heparin had it been feasible to administer it over such a long space 
of time.” One of the principal advantages of heparin over dicumarol 
is the simplicity of the laboratory test for its control— the modified 
Lee-White method. The neutralization of the anticoagulant effect of 
heparin by protamine in approximately stoicheiometric proportions is 
& tremendous advantage in restoring the normal clotting mechanism 
if hemorrhage occurs. 'The toxicity of protamine if given in large 
amounts must be remembered, however. 

Dicumarol.— The isolation and crystallization of the active principle 
in spoiled sweet clover that causes hemorrhagic disease in cattle were 
accomplished in the brilliant classical experiments of Link and his 
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associates *® Synthesis of the substance 3 3 methylene (4 hy- 

droxycoumarm), identical m biological characteristics with the crys 
talhne active principle, was then carried out Its occurrence in nature 
bad not previously been recorded Although the exact mode of action 
of dicumarol is not known, its " * * ’ ’ ’ 

It IS active only in vivo The 
creased until the prothrombin ‘ ' 

normal. The decreased tendency of thrombus formation at prothrom 
bm levels which are accompanied b> only slight prolongation of coag- 
ulation time IS not well understood, and the anticoagulant effect of 
vanous levels of hypoprothrombinemia is not definitely known For 
clinical effectiveness, Barker and his co workers*® believe that the 
prothrombin time should be maintained between 10 and SO per cent 
of normal 

Among the chief advantages of dicumarol over heparm are its low 
cost and oral administratiou An outstanding disadvantage is the com 
pheated laboratory lest required for its control This test-determina- 
tion of the prothrombin bme— must be performed at least once daily 
on patients receiving dicumarol Accuracy lu performance of the test 
IS of the greatest importance, requiring a reliable and well t^eo 
technician The need for constant control determinations on the throm- 
boplastin used has been emphasized by Barker and by Brsmbel 

Another disadvantage is Uie unpredictability of prothrombm re- 
sponse because of the apparent sensitivity of certain individuals 
Barker, for example, found that m 93 (27 per cent) of 340 consecutive 
patients the prothrombm fell to less than 10 per cent, a level at whiai 
fatal hemorrhage may occur Using (he usual dosage plan of SOO mg 
the first day, 200 mg the second day, and 100 mg on subsequent 
days, prothrombm is usually not depressed to levels considered effec- 
tive for from forty eight to seventy-hvo hours During this 
period heparin may he used to obtain immediate prolongation of the 
coagulation time when this is desirable, eg> m nonfatal pulmonaiy 
embolism If bleeding occurs, the anticoagulant effect of dicumarw 
may be controlled by the administration of large amounts of vitaram K 
(60 to 75 mg ) and by transfusions of fresh, whole blood A recent 
study^^ emphasizes that these measures are not immediately effective 
and that death from hemorrhage may occur before control measures 
can be instituted ‘ 

Hie effectiveness of anticoagulants m preventing thrombus forma 
tion js well established Also, there is considerable evidence that they 
may limit the propagation of thrombi In clinical application, however, 
they do not always prevent detachment of thrombi and pulmona^ 
embolism In this clinic hvo pahents have had fatal emboh whue 
under anticoagulant therapy One was fully heparinized, while the 
other was receiving both heparm and dicumarol, with presumably 
protective levels of prothrombin and coagulation times A number o 
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reports of similar experiences have appeared in the recent literature 
Finally, the danger of hemorrhage, even when anticoagulants are care- 
fully controlled, cannot be ighored A number of deaths from hemor- 
rhage have been reported, and undoubtedly many have not been re- 
ported Until safer methods of using anticoagulants are found it may 
be well to question, in individual instances, whether the danger of 
pulmonary embolism is significantly greater than the danger of hemor- 
rhage 

Proximal Vein Ligation,— The surgical approach to the prophyl- 
axis of pulmonary embolism was mitiated in this country by Homans^* 
and has since been extensively studied by Welch and Faxon,® 
de Talcats,^^ Bancroft,^® Allen and his associates,^® and others It is 
based upon the conviction that the majonty of embolisms (95 per 
cent) arise from the veins of the lower extremities and can be pre- 
vented by interruption of the venous channels proximal to the site of 
thrombus formabon Although unilateral ligations were done at first. 
It has since become apparent that the frequency of bilateral involve- 
ment in phlebothrombosis requires bilateral ligation to prevent an 
embolism from arising from the contralateral leg The preferred site 
for hgation, at which the operabon is simplest and is followed by the 
least postoperative edema, is the superficial femoral vein just below 
the profunda femons At this point a segment of \ein without branches 
may be easily exposed, with removal of floabng thrombi, if present, 
followed by ligation 

Lagabon of the common femoral vein, which has been advocated 
because of emboli arising from the profunda femons, has been found 
to be followed by troublesome and prolonged edema in a hi^ per- 
centage of instances, and even by serious interference WTth circulatory 
return In addition, Allen*® feels that the probable added proteebon 
m common femoral Iigahon does not warrant the increased technical 
difficulUes Ligations of the common iliac veins, although more diffi- 
cult and hazardous, have been performed by Homans*’^ and his asso- 
ciates, who beheve this procedure is advisable when proximal ex- 
^nsion of the thrombus requires it Ligation of the common iliacs, as 
Homans points out, may be done exlrapentoneally as m the procedure 
commonly used to expose the ureters at the point where they cross 
the pelvic brim In exposing the vena caim the approach is the same 
as for the right common iliac vein, with further refleebon of the 
peritoneum upward and medially Because of the danger of tearing 
these large veins during mobilizabon, ligation in continuity is safer 
than ligation and division Homans believes that vena cava hgabon 
|s probably indicated in the presence of bilateral thrombosis which is 
believed to have risen m the mam venous system, on both sides, to or 
about the level of the inguinal ligaments ” Of fourteen pabents sub- 
jected to vena cava ligations by Lmton, two developed postphlebibc 
edema xvith ulcer 
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In femoral vein mterruphons performed by Allen and his associates 
m 861 patients there have been no death* * * 
cedure 1"^" * ' 

patient h 

therefore o *.i u enective measure for pre 

venting pulmonary embolism The possibility that embolism may sbll 
arise from thrombi forming proximal to the site of hgation or from 
elsewhere in the body is of course not excluded About 6 per cent of 
patients having nonfatal emboli prior to ligation continued to have 
infarcts after hgation and in one instance a fatal embolism occurred 
This apparently came from the profunda femoris after superficial 
femoral ligation 

In addition to ligations performed m the presence of diagnosable or 
strongly suspected Uiromboembohsm Allen and his associates have 
done approximately 100 purely prophylactic ligations m circumstances 
known to be associated with relatively frequent thromboembolic com 
plications e g elderly patients with hip fractures 


SUMRIARY 

The predominance of venous thrombosis of the lower extrenuhes 
and subsequent pulmonary embolism m middle aged and elderly pa 
tients is becoming increasingly recognized The occurrence of these 
complications as commonly in so called "medical diseases as follow 
ing surgical operations is a challenge to all physicians who treat 
patients in the latter half of life The syndrome of chronic venous in 
sufficiency following thrombosis of the lower extremities is common 
causing much suffering and disabiht) Altbough pulmonary embolism 
causes only 5 per cent of postoperative deaths these often occur under 
tragic circumstances m which convalescence from a successful surgical 
procedure has been uneventful and there is great hope for relief of 
the symptoms which brouglit the patient to the hospital 

Of the many diverse factors which have been shown to predispose 
to intravascular clotting two appear to be of preeminent importance 
since they coexist m more than SO per cent of all embohsms These 
are (1) the age of the patient is abov^ 40 and (2) the patient has 
been confined to bed by illness or operation Since tlie treatment (» 
thrombosis and its associated symptoms is far from satisfactory and 
there can be little assurance of a successful outcome once embolism 
has occurred the logical approach to these problems is prophylactic 

Many prophylactic measures have been proposed and are m wide 
spread current use with good evidence that they are effective Three 
prophylactic measures which are under investigation at present on a 
wide scale each of which has sbxmg advocates are early ambulation 
the use of anticoagulants and proximal vein ligation Althoo^ cadi 
of these measures is of undoubted value and warrants the enthusiasm 
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of its proponents, the statistical evidence available at present does not 
establish a clear-cut superiority of any one over the others Moreover, 
the use of any one or any combination of these measures does not 
assure protection in all instances It is of importance at present to bear 
in mind that each of these measures represents a fundamentally dif- 
ferent approach to thrombosis and embolism Current studies offer 
encouragement that many of the baffling problems of venous throm- 
bosis and pulmonary embolism may be solved 
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THE HEALING OF WOUNDS 


Haeou) A ZiNTEL MD DSc (Med)* 

Poor wound healing still occurs in patients in whom the original 
operative technic has been faultless according to modem concepts of 
surgical technic Emphasis has been placed on the importance of 
asepsis the gentle handling of tissues the use of fine suture material 
excision of all devitalized tissue the preservation of the local blood 
supply and many other factors applicable to local conditions in the 
wound Ever 
unfavorable 

ill patient ar i 

requires not only meticulous openbve technic but rigorous care espe 
cially in regard to the general condition of the patient 

There has been a tendency to regard complications of wounds even 
wound dehiscence as inevitable in a certain percentage of patients 
In the light of recent studies most wound heahng comphcations are 
avoidable For adequate management of wounds it is necessary to 
have a working knowledge of (1) the basic histology of tissue repair 
including the repair of special tissues (2) the factors which influence 
wound healing (3) the unfavorable i^uencc of certain biochemical 
changes as produced by various d sense conditions (4) the correction 
of these biochemical changes and (5) the effect of various types of 
preparations commonly used m the local treatment of wounds 

NOKSIAL WOUND HEALING 

Healing by primary intention the simplest type of wound heal ng 
IS best illustrated by the healing of n simple incision Immediately 
after injury escaping blood serum nnd lymph congulate to form the 
coagulum a dense fibrin network which is filled mainly wth eiythro 
cytes and leukocytes The congulum may be considered to be a scaf 
folding which temporarily unites the edges of the ^^o^nd A type of 
inflammation commonly referred to as traumatic inflammation np 
idly develops after injury There is hyperemia exudation and leukocyte 
immigration in the surrounding tissues phagocytosis nnd enzymabc 
digestion of devitalized tissue The increased number of cells ob 
served in the area of traumatic inflammation probably serves as a 
defense against infection as well as for the removal of dead tissue 
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Digestion of necrotic material occurs partially by autolysis, by enzymes 
formed from the injured cells themselves in the form of pepsinase, 
peptase, arginase and the like. Helerolysis occurs mainly by reason of 
the leukocytic enzyme, leukotryptase, which under alkaline conditions 
digests dead tissue but cannot attack living cells or unchanged con- 
nective tissue fibers. As early as the third day of wound healing new 
vascular sprouts are present The processes described dominate the 
picture of wound healing for from three to five days after injury. This 
phase of wound healing, the so-called lag phase, may be referred to 
as the preparatory period to the phase of active tissue regeneration, 
the phase of fibroplasia which follows. 

During the phase of fibroplasia, which begins three to five days after 
injury, the fibroblasts grow through and along the fibrin network of 
the coagulum. They originate, divide and achieve maturity in direct 
continuity with the edges of the wound. Simultaneously there is vas- 
cularization of the coagulum. The connective tissue fibrils appear at 
first as separate delicate fibrils which rapidly increase in number and 
become firm. Harvey^ has shown that the velocity of fibroblastic 
growth begins directly at a maximum and progressively diminishes in 
rate and that the tensile strength of a wound is the function of the 
multiplication and maturation of the fibroblasts within the wound. He 
believes that the other cells involved are relatively unimportant as far 
as tensile strength is concerned. There is little or no increase in tensile 
strength during the lag phase. The phase of fibroplasia is usually com- 
plete ten to fourteen days after injury. 

The final phase of wound healing is the phase of contraction which 
may continue for an indefinite period, often for as long as a year. 
During this phase the scar tissue becomes more compact and less 
cellular. The vascular branches are squeezed until many of them are 
obliterated. Occasionally the phase of fibroplasia is not terminated in 
the usual period of time and the proliferating fibroblasts continue to 
reproduce until a keloid is formed. 

Usually wound healing is described as healing by (1) primary in- 
tention (primary suture where sutures are used); (2) delayed primary 
suture (this term has been suggested by E. D. Churchill as contrasted 
with the term “secondary suture’’); (3) healing by second intention 
and (4) healing by third intention or secondary suture. Healing by 
primary intention is the type of healing described in the previous 
paragraphs. When a great deal of tissue is lost by trauma or by infec- 
tion or when the tissue edges are widely separated as by failure of a 
wound to heal primarily, the delayed healing which results is called 
healing by second intention. Contaminated traumatic wounds are 
often left open for four to ten days and then are sutured, the so-called 
delayed primary suture. A wound which has failed to heal by primary 
j which is again sutured and becomes healed, is said to have 
healed by secondary suture or third intention. 
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TIIE UEALINC OF SPECIAL TISSUES 
Slun.— Healing of the skin may be very rapid If the cut edges of a 
wound are closely approximated, repair may be completed by the end 
of the first day In large wounds epithelization may require a number 
of days, but there are evidences of epithelial cell migration evident 
somebmes within an hour after trauma The epidermis resolves itself 
into a homogenous syncytial layer with many dark nuclei, and this 
syncybal layer penetrates beneath the surface of the coagulum or 
crust, as by enzymatic acbon Beneath this syncytial layer, cells of the 
malpighian layer advance in the form of a wedge ^Vhen the crust or 
scab finally separates, the cleavage plane is through the syncybal 
layer, thus leaving a newly formed epidermal layer intact A fully 
healed scar of epitheUum is usually recognized as such because of its 
fibrous nature It does not have cutaneous glands and hair folhcles, 
and it fails to reform typical dermal papillae Elastic fibers may or 
may not be present m epithelial scars Tlie appearance of elastic 
fibers, if they are to appear, may vary from thirty six days to nine 
months after the wound has otherwise healed Pigment usually de 
velops In the scar incompletely or not at all 
Muscle.'-Muscle cells do not lake part m the active process of bssue 
regeneration Muscle defects are finally closed with bridges of fibrous 
tissue All necrotic or severely damaged muscle therefore should be 
removed as its presence will only retard wound healing and increase 
the amount of the cicatrux or scar tissue 
Tendon.— Following division of a tendon a coagulum fills the space 
between the separated ends of the tendon After a lag period of from 
four to five days the fibroblasts prolifernte to form a fusiform struc 
hire which grossly resembles the callus formation in a fractured bone 
Later the new fibroblastic tissue becomes relatively avascular, and the 
connective tissue fibers become arranged longitudinally as is charac- 
teristic of normal tendon tissue If the gap behveen the cut ends of a 
tendon is not too great, the defect may be bridged by tendon cells m 
about two weeks If the mesotendon has been preserved nnd the vas 
cular supply of the mesotendon is not impaired the repaired tendon 
will remain movable in the tendon sheath If however, the mesotendon 
IS destroyed or if its blood supply is impaired so that the blood supply 
must come from the tendon sheath and surrounding tissues, there re 
suits a variable degree of fixation of the tendon to the surrouni^g 
tissues with consequent loss of function Mason" has demonstrated a 
dechne in tensile strength of sutured tendons during the first five days 
after injury This is followed by a rapid mcrease m strength which 
reaches a plateau about the sixteenth day From the nineteenth to the 
twenty first day there is further increase m tensile strength On the 
basis of his eiqierimental data Mason recommends that the restneted 
use of a repaired tendon start two weeks after injury and continue 
for one or two weeks Such a program leads to a rapid mcrease in 
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tensile strength with only a slight increase in the reaction of tissue 
Active motion, on the other hand, leads to increased tissue reaction 
and occasional stretching of the tendon, even at the end of three 
weeks 

Bone.— The preliminary stages of bone healing are much the same 
as in the healing of soft tissue The proliferation of the connective 
tissue IS from the endosteum, tlie periosteum and haversian canals 
Osteoblasts from the periosteum and endosteum form fibrils which 
extend m all directions and these fibrils, as well as the cells themselves, 
become embedded m a homogeneous matrix When calcium salts are 
deposited m this matrix, callus is said to be present This calcium then 
undergoes partial absorption by Ute action of osteoblasts and new firm 
bone witli a characteristic bone pattern is laid doivn by the osteo 
blasts The superfluous external callus is reabsorbed until the normal 
contour of bone is restored 

Nerve.— ^Vhen a peripheral nerve is divided, it goes through the 
process of wallerian degeneration m which the nerve axons or fibrils 
break up into granular fragments The myelin sheaths undergo chem- 
ical changes to form irregular fatty globules in the tissues Finally, the 
degenerated fibrils and myelm are entirely absorbed The neurilemma 
cells show an increase in protoplasm and form nucleated protoplasmic 
bands There is also proliferation of the permeunum The end result 
IS a bandlike structure which acts as a receptacle for the regenerating 
proximal nerve ends Regeneration of nerves may continue for a con 
siderable period of time Holmes and Young^ in experimental work 
have shoivn that the rate of regeneration of nerves decreases consid- 
erably after one hundred days, presumably because the denseness of 
the surrounding scar tissue prevents rapid penetrabon of the regen- 
erabng nerves This experimental evidence emphasizes the clinical 
observation that nerve suture should be done as early as possible 
Zachary and Holmes^ have stated that probably the best method of 
handling divided nerves in traumatic injuries is by delayed primary 
suture 

Iniestinal Tissues.— The healing of intestinal wounds is by a manner 
similar to that of other soft tissue wounds There is rapid heabng of 
the serosal surfaces, and the mucosal regeneration is much more rapid 
than m any other epithelial tissue In the repair of intestinal defects 
It IS important that the serosal surfaces be in contact so that a water- 
hght seal can be formed as rapidly as possible A healed wound of 
the intestinal mucous membrane may in every way resemble the 
normal bssue There may be very little scar tissue and little or no 

contraction 


FACTORS IN VOUND ^EALI^G 

Protein Intake.- In any attempt to evaluate the condibon of a given 
Pahent in regard to the probability of healing of wounds, one must 




fig 529— Wound healing m a hypopiotelneniic dog Complete disrupdon of eKpenmi 
the end of two weeks 8 Normal wound 1 eahng of control an mal« C Afusele fiber* widely 
edema fimd m a bypoptotemeTTAc animal 
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Rlioads and Kasinskas® have shown a delay in the healing of expen- 
mental fractures in the presence of hypoprotememia The rate of heal- 
ing of abdominal wounds and the rate of healing of bone is restored 
to normal velocity when tlie serum protein is restored to normal 
levels ® “ \Vlien protein metabohsm is disturbed as by a sterile soft 
tissue abscess or an infection elsewhere m the body, tissue regenera- 
tion in wounds is retarded The draining of a sterile abscess or 
the disappearance of infection at a distant site is often followed by a 
return of the normal velocity of wound healing When food can be 
given by mouth and utilized, 2 to 3 gm of protein per kilogram daily 
will supply the daily protein requirements and correct existmg pro 
tern deficiencies provided the total caloric intake is adequate The 
adnunistiation of 375 gm of protein daily for ten days will elevate 
a serum protein level 2 gm per 100 cc m ten days according to the 
calculations of Elman When the patient is not able to ingest ade- 
quate oral feedings, intravenous injecbons of blood, plasma and pro- 
tein hydrolysates are indicated, but it must be remembered that the 
intravenous use of any of these substances is not a sabsfactory substi- 
tute for an adequate diet by mouth 
Vitamin Intake.— After the first chmcal studies by Aschoff in 1919 
on the relation of cdamin C to wound healing, a wealth of data has 
confirmed the necessity of vitamin C for the maturation of precollagen 
into the collagen of connective tissue fibers and, therefore, the neces- 
sity of vitamin A for the healing of all but a few types of tissue 
The amount of intercellular substance formed m healing tissues is in 
direct proportion to the amount of vitamin C available It is not 
generally realized that many outwardly normal patients have subnor- 
mal plasma vitamin C levels and that not a few are actually bordermg 
on a state of scurvy Of one hundred and twenty four medical students 
studied by Holman^® as a representative group of controls, he found 
that thirly-bvo of these students had abnormally low plasma vitamin C 
levels and that three of the group had levels compatible with clinical 
scurvy So, too, it is little realized that many commonly encountered 
surgical conditions are associated with deficiencies of vitamm C Of 
One hundred and eighty-eight consecutive hospital patients studied by 
Bartlett, Jones and Ryan,^* two thirds had plasma vitamm G levels 
below the normal range The average patient wth hyperthyroidism, 
severe burns, severe traumatic injury, carcinoma of the gastrointes- 
tinal tract, peptic ulcer, chronic sepsis and chronic diarrhea have 
plasma vitamin C levels which are below the lower limit of the aver 
3ge normal range of plasma vitamin C A fall in the circu- 

ating vitamm C has been found after the use of various anesthetic 
agents 10 Lund and Crandon”^ beheve that 1 to 4 gm of vitamin C 
With 30 mg of thiamine hydrochlonde and 100 mg of nicotinic acid 
® ould be given daily for four days before operabon to pabents sus- 
pected or known to have a vitamm C deficiency A vitamin C de- 
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ficiency with resultant increased capillary fragility may also predispose 
to hemorrhage from the surfaces of a wound 

Deficiency of vitamin A. i i _ 

may mterfere with normal 
of blood and the consequei 

lecbons which in turn predispose to infection and wound separation 
Borgstrom^^ has shown a decrease of circulating prothrombin m the 
blood following operation and the use of certain types of anesthetic 
agents Hypoprothrombinemia is prevented by 1 to 3 mg of one of 
the various synthetic vitamin K preparations together with bile salts 
orally daily for two to three days If the patient is unable to tal.e oral 
medication a water soluble preparation for parenteral use should be 
administered 

The experimental results in the literature on the effects of deficien 
cies of vitamins A D and the D complex on the wound healing are 
confficting It IS known however that deficiencies of the vitamins A 
D C thiamine riboflavin and pantothenic acid lower the rate of 
phagocytosis and bacterial digestion " Tlius deficiencies of these w 
tamms might predispose to local wound infecbon by reducing the 
efficiency of the defense mechanism of the body against bacterial 
invasion If deficiencies are suspected or knoivn to be present me 
most direct method of treatment would be the systemic administrabon 
of the vitamins rather than topical a^inistntion to the wound sur 
faces 

Dlccirolyte and Water Balance —Alterations of the normal electro 
lyte balance and normal water balance do alter the rate of womd 
healing Dehydration leads to a prolongation of the lag phase * 
delay of wound healing * Experience has shown that wounds tend to 
heal poorly m the presence of edema Ravdm and others have repeat 
edly stressed the fact that edema may become evident when the serum 
protein level begins to fall below the normal average of ^ 

100 cc It is not necessary for the serum protem level to fall to tae 
so called "critical level of 55 gro per 100 cc before clinical edema 
develops Recently Keys and his associates®* have demonstrated in a 
group of malnourished individuals that the plasma protem level nee^^ 
be reduced only 0 73 g 
before obvious clinical e 
ers and Winkler’® state 

that alkalosis prolongs the rate of wound healing j i, l tf 

Anemia —Although the adverse effect of anemia on wound bea ng 
has been repeatedly stated in the literature there is but one report m 
the literature designed to prove or disprove this observation 
and Ehrenhaft^^ have shoivn that anemia alone has no effect ^P®” , 
tensile strength or the histological structure of healing wounds oi 
stomach of the dog It is possible that the delayed wound ® 
observed m many anemic patients may be due to fault) electroiyt 
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balance, faulty fluid balance, nutritional disorders or combinations of 
these factors with the observed anemia 

Local Temperature.— Variations in local temperature have a decided 
effect upon tissue regeneration An increase m the rale of tissue repair 
has been noted clinically following sympathectomy and the applica- 
tion of thermal heat in the presence of certain vascular conditions 
The favorable results are presumably due to the hyperemia and the 
increased temperatures of the affected parts The rate of tissue repair 
increases with increases in temperature in e’cpenmental animals Ebel- 
ing"® found in alligators that the rale of wound healing was doubled 
for each ten degrees rise in the body temperature of the animals 

Conversely, it would appear that a decrease in temperature as by 
refngeration would retard wound healing Large and Heinbecker,^'^ 
using refrigeration of the extremities of the dog, found a definite lag 
in the healing of wounds, the degree of delay varying with tlie dura- 
tion of the cooling period They also report a greater number of in- 
fections in the cooled extremities as compared with wounds m un- 
cooled extremities Bruneau and Hembecker®^ have shown that re- 
frigeration of an extremity does not have a beneficial influence upon 
the infectious process per se Clinically, however, it is well recognized 
that cooling of an mfected extremity in preparation for amputaUon 
'vill reduce systemic toxicity, presumably due to the reduced blood 
flow and the decreased metabolic rate of the tissue and the infecting 
organisms The delayed healing observed by Large and Hembecker 
raises the question as to whether or not one ought to refrigerate an 
extremity as high as the site of an amputation as is done m the use of 
refrigeration anesthesia 

Miscellaneous Factors,— The rate of wound healing decreases as 
the age of the patient increases It is also known that the velocity of 
wound heahng vanes with the size of the wound The larger the 
wound the greater the initial velocity of wound healing As the wound 
heals and becomes smaller the velocity decreases The importance of 
infection, further trauma and preservation of blood supply are well 
recognized and, therefore, will not be discussed further 

STATUS OF WOUND HEALING STIMULANTS 

Patients often have great faith in the doctor’s ability to “heal 
"ounds by the application of topical agents \Vhat can be done to 
accelerate wound healing in the normal patient m the absence of 
infection? The reports of the effect of various forms of radiant energy 
nre conflicting Thyrotoxin insulin and other extracts and tissue 
preparations of the endocrine glands have been extensively invesb 
gated®’ Chlorophyll ointment, cod liver oil, commercial vitamm A 
and D ointment, balsam of Peru, vanous vitamins other than 
C and K, irradiated petrolatum, allantoin, chloramine paste, 'S 

tals, glycerm, pectin solutions, biotm, hydrosulphosol, ’ / 
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sulfathiazole glycerin adenosine and liver extract have been found by 
competent mvestigators not to have a stimulative effect on wound 
healing®® MandP® has reported excellent results wth the use of 
adult tissue extracts and Scha^er®^ has reported encouraging results 
with amino acid preparations while Andrus and Hoffman®® have re 
cently reported encouraging results following the use of an embryonal 
extract These agents will require further investigation of their bene 
ficial effect upon wound healing Although numerous reports appear 
in the literature of the accelerating effect of a great number of topical 
agents the fact remains that there is no generally accepted and proven 
agent or treatment for accelerating tootind healing beyond the normal 
rate of healing The emphasis should be placed on restoring and mam 
taming a normal physiological state of the body m general preventing 
invasive infection by the use of systemically administered antibiotics 
or sulfonamides and adequate drainage of purulent collections already 
present When using the vinous ointments and other agents prepared 
for the local treatment of wounds one should remember that they cm 
in no way be considered substitutes for accepted wound care 

^^'OUND COMTABfINATION A^D INFECTION 
Experience gained in the various theaters of World War II demon 
strated that the mere presence of bacteria even m large numbers on 
the surface of a wound did not necessanly indicate that the wound 
was infected m the tnditionil sense** It was learned that open 
wounds free of necrotic material loculated purulent collections and 
surrounding cellulitis could be safely closed secondarily when lined 
wth healthy granulation tissue regardless of the number of or tjpe of 
bacteria present on the surface of the wound It would seem in the 
light of this finding and findings of Anderson^* who initially made 
this observation that the definition of wound infection should not 
simply imply the presence of bacteria in an otherwise clean wound 
In a strict sense a wound infection is present when there is either 
evidence of systemic toxicitj as usually rnanifested by Ieukoc>'tosis 
and elevafaon of body temperature or local changes as evidenced by 
necrosis and cellulitis 

ANTISEPTICS AND WOUND HEALING 
Many chemicals chiefly dye substances and antiseptics have been 
reported to influence wound healing favorably by their antibacterial 
effect One of the most carefully controlled studies of the effect of van 
ous agents on the rate of wound healing and the number of surface 
bacteria is that of Anderson " who anticipated the relative unimpor 
tance of surface bacteria as was clinically proved by recent war 
expenences** He stated that in the absence of invasive infection 
(progressive cellulitis or necrosis) and m the presence of adequate 
dramage the rate of wound healing as calculated from the size o 



the ^\ound and the age of tlie pa&ent, was unaltered b> any of the 
antiseptic agents wluch he used Anderson and others^’ found 

no beneficial effect upon wound healing of the use of merthiolate, 
mercuroclirome, azochloramide, zinc peroxide, irradiated petroleum, 
tbocresol, allantoin, chloramine paste, sodium chlonde solution or 
Peruvian balsam Figure 530 shows that even though azochloranude 
effectively reduced the relative number of bacteria present in a wound, 



the actual rate of wound healing was not significantly influenced when 
It was compared wath the expected rale of regeneration as calculated b> 
me formula of du NQuy^"* Lambert and Meyer,"*^ German, Buchs 
Bloom^* and Salle and Lazarus,*® although they did not use 
identical technics agreed that every antiseptic they tested had a more 
^letenous effect on tissues than on bactena Anderson suggested that 
me continued usefulness of chlonne antiseptics over so many years w as 
due to their abihty to assist in the separation and solution of necrotic 



tissues in infected wounds Once the necrotic tissues were removed, 
the local surface infection was of little clinical significance 

It IS becoming more and more apparent that sulfonamides applied 
locally to soft tissue wounds do not reduce the incidence of local 
wound infections The reason for the failure of sulfonamides to 
reduce local infection may be due to two known factors The sulfo- 
namides generally are most effective against gram positive orgamsms 
and, therefore, are less effective in mixed gram positive and gram- 
negative infections Also, it is a well known fact that the effecbvencss 
of the sulfonamides when apphed locally is greatly diminished by the 
presence of serum, necrobc tissue and purulent material That they 
reduce the incidence of invasive infection under such circumstances is 
highly likely Penicillin is also largely limited in its usefulness to the 
gram positive orgamsms and it is destroyed by the products of certain 
bacteria The action of penicillin is, therefore, very limited in the treat- 
ment of mixed wound infections 

The present usefulness of penicillin and the sulfonamides lies mainly 
in their ability to prevent blood stream, lymphatic, and cellular in- 
vasion, and thus prevent the complications of local wound infection, 
lymphangitis, lymphadenitis, cellulitis and septiceima 

ANTISEPTICS AND TANNING AGENTS IN THE TREATMENT OF BURNS 

Infection has long been recognized as one of the major causes of 
death of burned patients In an effort to destroy bacteria and in an 
effort to seal the burned area, a number of antiseptics and tanning 
agents have been used to treat bums It has been demonstrated by 
Baker*® among others that many of these previously wdely used 
agents cause further tissue damage This further injury may lead to 
a poorer cosmetic result and to additional functional impairment and 
at the same time may produce more devitalized tissue in which bac- 
teria can gam a foothold Baker found that white soap, ether, benzene, 
hexylresorcinol, hydrogen peroxide, medicinal alcohol, tannic acim 
silver nitrate and the “triple dye” cause some necrosis of wounds, and 
that isotonic physiological saline solution, petrolatum and ordinary 
motor oil cause no necrosis of wounds The present trend fn the treat 
ment of burns is toward the use of simple petrolatum gai^ze, pressure 
dressings, and the systemic administration of sulfonamides or anh- 
biobcs 
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THE PATHOLOGIC PHYSIOLOGY OF INFECTION 


John S Lockwood, MD, DSa (Med)* 

The conquest of bacterial infechon is developing into one of the 
most significant chapters in the history of medicine Recognition of 
the etiologic significance of bictena in many diseases provided the 
rational basis for control of contagion, and for antiseptic and aseptic 
surgery The immunologic approach to infectious diseases then made 
noteworthy strides, effective methods of inoculation were developed 
’ ’ 1 t <■ » ^ exacted a severe toll of human 

‘ " usefulness of protective and 

1 a few types of infections, ad 
vances were made in determining the chemical nature of antigens and 
antibodies and in providing biochemical interpretations of immuno 
logic reactions The most recent addition to this cliapter has been the 
discovery, and wide use, of i variety of chemical substances which, 
when administered to the infected patient, act m some still obscure 
fashion to limit the ability of bacteria to survive as parasites within 
the patient host The ability of the sulfonamides, penicillin and strep 
tomycm thus to check the spread of invasive infection has been a fac- 
tor of enormous assistance to the surgeon m treating the localized 
infections of soft tissues, bone and serous cavities which come within 
his sphere of special interest 

It is well, however, to call attention to the fact that most of the 
progress which his been made m this conquest of infection has been 
based on a philosophy of parasite extermination'— similar to that 
which IS traditionally employed m meeting the menace of invasion of 
a community by a species of rodents Comparatively little attention 
has been given to phijsiohgical aspects of infectious diseases— to those 
disturbances in biochemical equilibria which result from parasitic in 
vasion of the host and which, in the last analysis, are of dominant 
importance in the morbid sequence and the outcome of infection This 
shortcoming m our knowledge is not pointed out for the purpose oi 
behttlmg what has been accomplished, bacteriemia from infection by 
the Streptococcus hemolyticus and the Staphylococcus aureus has ^o^v 
been eliminated as an inevitable cause of death xvithout our ever 
having had to learn much about the characteristic abnormal ^ysio- 
logic sequences of these diseases The need for greater knowledge o 
the pathologic physiology of infection is felt most acutely in our ap 
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proach to t)'pes of infections in which disturbances in bodily function 
are so profound as to make inadequate the limited antibacterial attack, 
where the bacteria initiate chain reactions which can only be stopped 
short of a lethal outcome by timely application of ration^ physiologic 
treatment, and where the infecting agents cannot be brought under 
direct chemotherapeutic control 

Two types of surgical infections® which fall into this category are 
peritonitis of intestinal origin and gas gangrene 

EXPERniENTAL WORK. ON PERITONITIS 
My interest m the physiologic aspects of acute infection has been 
greatly stimulated during the past few months through a systematic 
study of dogs which have been subjected to experimental appendiceal 
pentomtis * - A program which was imbated pnmanly for the pur- 
pose of evaluating penicillin and slreptom>cm therapy of pentomhs 
has now turned into a pursuit of an explanation for the remarkable 
variabons among dogs in their susceptibility to a type of infection 
which, when viewed as a purely local process, appears m most essen 
hal respects to be uniformly reproduced from animal to animal 
Pentomtis was produced in a senes of almost 200 dogs, by ligation 
of the base of the appendix, followed by the administration of t large 
dose of castor oil Fluids sufficient to prevent acute dehydration were 
administered either orally or parenterally The animals were then 
watched carefully until death, or for a ten day survival period, and 
frequent laboratory determinations of many vanelies were earned out 
The reported observations which are especially pertinent to this dis- 
cussion may be summarized as follows 

1 This disease is characlenzed by the development of a shockhke 
crisis at thirty six to fifty hours following application of the ligature 
The cnsis coincides m time avith the development of a necrotic thin- 
walled fluid filled sac In a senes of over a hundred untreated controls, 
approamalely one half of the animals have survived the cnsis and 
recovered and one half have died The bacterial flora of the pentoneal 
exudates in dying and surviving animals are qualitatively similar 

2 Laboratory studies in the two groups of animals have indicated 
that whether an individual animal dies or survives is determined by 
factors inherent m its ‘condibon” at the time it is subjected to the 
operabve procedure The most reliable prognostic index, in advance 
of the onset of the cnsis, is the stability of the prothrombin bme dur- 
ing the first tvv enty four hours after operabon This suggests that the 
adequacy of liver function may be an important factor m prognosis 

3 Animals which died showed a marked disturbance m the equihb 

The question may also be raised as to wlielher the approach to certain virus 
iseases might not be enhanced by supplementing the present attack on etiologic 
j^ents with more rationally de\ eloped physiologic concepts of “supports e” treat 
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num existing between fibrinolytic and antifibrmolytic factors in the 
plasma leading to markedly xncreiscd fibrinolytic activity, usually 
paralleling the prolongation of prothrombin time 

4 Evidences of a hemorrhagic diathesis were frequently observed at 
autopsy, involving intestinal mucosa and serosa, adrenals, hver and 
lungs 

5 Statistically significant increases in survival have been recorded 
among the following groups of animals 

(a) A group of fifteen animals which had been maintained on a 

well balanced diet in the laboratory for a period of many 
months (one death) 

(b) A group of twelve ammils injected with trypsin daily for 

twelve days before operation (Mortality 16 6 per cent as con 
trasled with 66 6 per cent m a parallel control senes of twelve 
animals ) Administration of trypsm was performed because 
of evidence that it increases the antifibrmolytic factor m 
plasma and thereby stabilizes the system which is strikingly 
deranged in dying control animals (See later discussion ) 

6 The administration of large doses of penicillin had no effect on 
survival 

From these observations it has been inferred that survival of the 
dog from this type of peritonitis is largely determined by factors in 
herent m the animal at the outset of the disease The animal survives 
if it IS equipped to withstand the transient shock inducing effects of 
absorption of toxic products of appendiceal necrosis— effects which 
find their most clear cut expression m relation to factors involved m 
the clotting mechanism prothrombin, fibrinogen, fibnnolysin and anti 
fibrinolysin 

In the treatment of peritonitis attention should be directed not 
alone at chemotherapy, which is at best of limited value in the estab 
Iished disease, but also toward measures designed to preserve the 
functional integrity of the liver, where prothrombin and fibrinogen are 
known to be produced Since an adequate intake of protein and a 
continuous supply of well oxygenated blood are of vital importance m 
liver function, it would appear desirable to prevent even transient 
hypotension or anoxemia and to maintain an adequate intake of pro 
tein during the critical phase of the disease It remains to be deter- 
mined whether stabihzation of the fibnnolysin antifibnnolysin equilib- 
rium can be used as a rational basis for still other therapeutic pro 
cedures 

This experimental work on pentonitis has been briefly reviewed m 
order to call attention to the potential usefulness of studying acute m 
fectious diseases from the physiologic, as well as from the bacteriologic 
and pathologic, standpoints It serves also to introduce the principal 
theme of this paper, namely, the role of infection as a causative factor 
in many instances of shock 
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INFECTION AS A CONTRIBUTING ETnOLOClC FACTOR IN SHOCK 
The term “shock” is used here in a very broad sense and connotes 
an acute maladjustment in the distnbution of sufficient available oxy- 
gen m the blood to maintain the aerobic metabolism of cntical organs 
of the body, particularly the li\ er, adrenals, kidneys and heart muscle 
The initiabng factor may be loss of blood volume below the amount 
required for maintenance of circulatory dynamics, as is usually the 
case in “surgical shock,” but shock ma> also be caused by failure of 
cardiac muscle, by loss of peripheral \ascular tonus, by failure of the 
mechanisms concerned in oxygenation of blood, or by an alteration in 
the composition or physical condition of the oxygen distnbutmg ap- 
paratus— the blood itself It IS my belief that attempts to apply the 
term “shock” in a more restricted sense lead inevitably into inde- 
fensible ambiguibes This definition of shock allows for distmcbon 
between trauma and infection as cttologic factors, but encompasses 
the ultimate fundamental consequences of both 
The development of infecbon in associabon with severe blood loss 
horn trauma and perforating wounds is known to be an important 
contnbuhng factor in the development of the state of “irreversibihty” 
in surgical shock Under these condibons the restorabon of amounts 
of blood in excess of the amount lost may prove to be mcapable of 
raising the blood pressure to normal levels Emerson and Ebert® meas- 
ured blood volume changes occurring in response to therapy in 112 
nontransportable battle casualties in the European theater, and showed 
'eiy clearly that shock, with intractable hypotension, would develop 
snd persist in pabents with peritonitis m spite of maintenance of nor- 
mal blood volume Five out of six fatabbes among fifty five pabents 
selected for study who had been admitted with blood pressure read- 
uigs above 85 mm of mercury had perforated abdominal wounds and 
peritonitis Peritonitis was an important contributing factor in eight 
out of the eighteen pabents who died after admission in shock so 
severe as to exhibit admission blood pressure below 85 mm of mer- 
cury Emerson and Ebert assign to peritonitis and gas bacillus infec- 
tion an important role m perpetuating and aggravabng shock, “trre- 
spectwe of a normal blood volume" 

Pope, Zamecnik, Aub, Brues, Dubos, Nathanson and NutU analyzed 
the factors responsible for the type of shock induced in dogs through 
absorpbon of products of ischemic muscle They concluded that bac- 
terial contammation is the source of a “toxic factor” in expenmental 
shock m dogs, and that the clostridia which are naturally occurring 
contaminants of living dog muscle begin to produce the “toxic factor” 
ss soon as anaerobic conditions favorable to toxin producbon develop 
"’athin the muscle Although clostndia are not found in normal human 
Muscle, they are present in a high percentage of severe accidental 
"ounds® and may be an aggravating factor in shock follo\vmg wounds 
which clinical evidence of gas gangrene may never appear The 
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seventy and significance of shock in established gas gangrene is well 
recognized In this condition a vidous circle develops m which the 
anaerobic infection and the circulatory collapse are mutually aggra 
vating factors Mahoney, Howland and YackeP observed that shock 
produced in dogs from application of the Blalock crusher ran a more 
rapidly lethal course when the crushed extremity was experimentally 
infected with Streptococcus hemolyticus and Clostridium welchu 
They, too, observed that the aggravation of shock produced by infec- 
tion was not a result of increased loss of fluid in the infected ammals, 
but was due to circulating products of bacterial acbvity in traumatized 
muscle 

In view of these evidences of the role of infection as an ebologic, or 
an aggravating factor in shock, it seems pertinent to consider some of 
the physiological mechanisms through which infection may enter into 
the cycle of shock It may be repealed that this is not a field of mves 
tigation which has yet received the attention which it deserves, espe 
cially m relation to surgical infections, and it will therefore be neces 
sary to enter into a few speculations in matters where only meager 
and incomplete experimental data are as yet available 

BACTERIAL TOXINS AS CAPILLARY POISONS 

During recent years the physiologic effects of endotoxins present in 
protein fractions of many gram negative bacilh have been studied by 
several groups of investigators, including Fenner and Bcmheim'^ and 
Morgan * The administration of Shiga toxin intravenously induced a 
profound shocklike stale, characterize by a falling blood pressure and 
marked reduction m blood volume Similar results occur if the toxin 
is absorbed through a closed intestinal loop, only the reaction is less 
precipitate In eit 
erythrocyte coun 
ity— with little cl 

profound loss of plasma into the tissues or a selective segregation ot 
red cells in the larger vessels Fenner and Bernheim attribute the ul 
cerative changes which appear m the intestinal mucosa to the an 
atomic end result of a pronounced and prolonged homeostatic vaso- 
constriction of submucosal vessels, with resulting ischemia and necro 
sis of the mucosa itself ” It is worthy of note that ulcerative changes 
in the intestinal mucosa have been noted in advanced shock of diverse 
ongms Morgan injected intravenously endotoxin derived from Eber 
thella typhosa and obtained similar results In histopathological studies 
on animals dying of this type of intoxication he found widesprea 
injury to capillary and blood vessel avails with subsequent thiom 
bosis’ and resultant ‘ necrosis of cells of the liver, heart muscle, adrenal 
glands and bone marrow ” 

Physiologic and histologic cdianges similar to those caused by pun 



THE PATHOLOGIC PHYSIOLOGY OF INFECTION 


1421 


Bed endotoxins were regularly noted m aniimls dying of peritonitis in 
the experiments in this laboratory, to which previous reference has 
been made There is general agreement that toxic protein fractions 
qualitative!) similar to those in Shigella dysenteriae and Eberthella 
typhosa are present in all of the gram-negative bacilli, including 
Escherichia coli, the orgamsm encountered with greatest frequency in 
the exudates of animals succumbing to experimental pentomtis The 
shock-producing propensities of vascular poisons as powerful as those 
elaborated by these widely prevalent intestmTl bacteria must cer- 
tainly play an important role in the pathologic physiology of periton- 
itis in man (It is not yet entirely clear whether the toxic action of 
these bacterial proteins is directed against the capillaries themselves, 
or whether the effect is mediated through the sympathetic nervous 
sjstem (Zahl, Hutner and Cooper^®) ) 

Recognition of the probable significance of the action of endotoxins 
of gram negative bacteria is not without important practical implica- 
tions m treatment of the disease It becomes of obvious importance to 
compensate for the loss of blood volume and the hemoconcentrabon 
induced by the disturbance m capillary function, the need for trans- 
fusions of blood and plasma in pentomtis is too well recognized to 
requue further emphasis However, there is reason to believe that the 
acbons of these endotoxins may be combated directly with the use of 
chemotherapeutic agents It has al\va>s been difficult to explain the 
apparent beneficial action of the sulfonamide drugs in pentomtis 
simply on the basis of their bacteriostatic action against the colon bac- 
dll, nonhemolytic streptococci and anaerobic bacteria which abound 
m the infected peritoneum, the known resistance of these organisms 
to the effects of sulfonamides m vitro has prompted some clinicians 
to quesbon the desirabdity of employing them in peritonitis with 
mixed bacterial flora However, it has been demonstrated by several 
groups of investigators® that the sulfonamides exercise a nonspecific 
protective action in animals against the lethal effects of endotoxins of 
gram negative bacteria Zahl, Hutner and Cooper, for example, found 
that the majority of a group of mice which had been given sulfo- 
namides by mouth would survive doses of Shiga toxin which were 100 
per cent lethal for control mice Being unable to demonstrate a direct 
acbon of the drugs on the toxin, they concluded that the sulfonam- 
ides acted in some nonspecific fashion to enhance the resistance of the 
miimals to the action of the toxin Of less immediate relevance to the 
problem of peritonitis is the more recent demonstration by Boor and 
Millerii of a similar protective action by penicillin against the lethal 
toxm of the meningococcus These nonspecific effects of chemother- 
apeutic agents not only provide a rabonal basis for the continued em 
P'oyment of sulfonamides in the treatment of pentomtis, but also sug- 
gest an avenue of investigation which might lead to the discovery of 
even more powerful weapons to combat the toxemia of this disease 
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BACTERIAL TOXINS AS SPECIHC ENZYMES 
An intereshng instance of still another approach to the treatment 
of bacterial induced toxemia has been provided by Zamecnik Folch 
and Brewster Having confinned the fact that the alpha toun of 
Clostridium welchii contains an enzyme lecithinase, which rapidly 
breaks down the lipid outer membranes of erythrocytes and other 
cells, causing hemolysis and cell destruction they admimstered intra 
venously nontoxic doses of lecithin and of crude extracts of cell hpids 
and found that animals so prepared would withstand several lethal 
doses of alpha toxin The presumption is that in the presence of an 
excess of available lipid substrate, the action of the toxin is expended 
on the added substrate rather than on the cell membranes Unfor 
tumtely, the action of absorbed toxin is so rapid that it is necessary 
to administer the lecithin compounds m advance of the dose of toxin 
in order to prevent intravascular hemolysis and cell destruction This 
does not necessarily mean that the principle might not be of value m 
established gas gangrene, because the slowness of absorption of alpha 
toxin from the infected area would allow time for blocking the effects 
of toxin remaining to be absorbed 

PLASJU PROTEOLYTIC ENZYMES AND FIBRINOGEN 
In the foregoing sections two examples of shock promoting effects 
of specific bacterial toxins have been cited together with brief men 
tion of the methods of treatment appropriate for each which have been 
suggested m recent work Attention may now be called to still another 
physiological system which we have found to be thrown out of bal 
ance as a result of infccbon, namely, the equilibrium behveen the 
plasma protease and its respective inhibitor * The proteolytic enzyme 
which IS normally available for activation in plasma and which is most 
readily demonstrated through its lytic action on fibrinogen and fibrin 
presumably remains for the most part in the form of an inactive 
precursor However, just as is the case with pancreatic trypsin which 
it resembles, the plasma protease may become converted to its active 
form through contact with activators of bacterial and tissue origin 
The so called “fibnnolysm” of the hemolytic streptococcus is in fact, 
merely an activator of the plasma proteolytic enzyme system ^ 
and m conformity with conventional terminology, has been renamed 
“streptokinase The action of the plasma protease is normally coun 
terbalanced by a circulating inhibitor factor, corresponding to and 
closely resembling the pancreatic trypsin inhibitor It has been thought 
that the amount of inhibitor normally present in plasma is m such 
excess of the amount requued to neutralize available active protease 
as to prevent the lytic action of plasma protease on proteins wth 
which it comes in contact Hoxvever, Grob*® has shown that raising 
the titer of protease inhibitor by repeated intramuscular injections or 
oral feeding of trypsin is accoitqiaiued by a marked increase in the 
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ability of animals to withstand the local digestion of tissues caused by 
subcutaneous injection of proteolytic enzymes of animal and bacterial 
origin It was this finding which prompted Kay and me" to evaluate 
the protective influence of repeated trypsin injections against the lethal 
sequences of appendiceal peritonibs, with results which have already 
been briefly described ' 

We return to this topic for the purpose of considering some of the 
possible physiological consequences of a disturbance in equilibrium 
between proteolytic and antiproteolylic factors, with particular re- 
spect to effects of such an imbalance upon fibrinogen 
1 Interference with the stabihltj of fibrinogen —One of the phe- 
nomena frequently observed in the terminal phases of severe shock is 
the absence of clotting of shed blood Tagnon'^ has explained this 
as an expression of the loss of equihbnum between proteolytic and 
antiproteolytic factors in tiic plasma, and has induced profound shock, 
accompanied by marked reduction in fibrinogen and prothrombin con- 
centrations, by the intravenous injecbon of trypsin The dog which is 
monbund with peritonitis frequently displays not only a marked pro- 
longation m clotting and prothrombm time values, but also shows a 
definite increase m the rate of spontaneous fibrinolysis, measured un- 
der standardized conditions * The evidence suggests that the stability 
of the equilibrium between fibrinolytic and antifibrmolytic factors is 
a significant prognostic mdex of the probable outcome of the experi- 
mental disease in dogs It is presumably this equihbnum which is 
stabilized by preparatory treatment with repeated injections of small 
doses of tr>psin— but final clarification of this point has not yet been 
obtained 


2 Interference with mechanisms of locahzatton of infection —The 
release of proteolytic and/or fibrinolytic enzymes at the local site of 
infection as well as within the circulation would seem to be capable 
of interfering very substantially with the formation of the fibrin bar- 
ker in the lymphatics and extravascular tissue spaces which is the 
V ^ m the process of inflammatory fixation at the periphery of 
me infected area It is possible that the higher survival of tiypsimzed 
animals in our series may be accounted for on the basis that more 
adequate neutralization of fibrinolysm results m more rapid fibrin 
deposition around the necrotic appendix Autopsy findings on ‘tiypsin- 
ized dogs subjected to expenmenlal peritonitis lend some support to 
fhis conjecture 

S Conglutination of erythrocytes (sludge) — Kmsely and his col- 
eaguesi® have described still another mechanism in the pathologic 
physiology of shock, relating to fibrinogen, which is of considerable 
m erest to the student of infection These workers have studied the 
pattern of floiving blood in the small mesenteric vessels, using strong 

ansmitted light and high magnificabon, permitting direct observa- 
lons as well as cinematographic recording They find that even mild 
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crushing of a small area of the omentum results in the formation of 
intravascular clumps of erythrocytes in venules draining the periphery 
of the crushed area They infer that this conglutination of erythro 
cytes, to which they assign the term sludge, is a consequence of the 
deposition of a sticky film of fibnn upon the cell surfaces, and that 
the reaction is caused by the liberation from the crushed area of sub 
stances capable of initiating the conversion of fibrinogen to fibnn 

When sludge formation is extensive, there results a marked altera 
tion m the pattern of flow m small vessels and capillaries, the masses 
of clumped erythrocytes being incapable of passmg through vessels 
possessing diameters little larger than that of an individual erythro 
cyte, and marked local stasis occurs The mechanical impedance of 
blood flow is further aggravated by leakage of plasma through capil 
lary walls proximal to a point of obstruction, so that the factor of 
hemoconcentration is superimposed on the already existing mechamcal 
obstruction Masses of sludged cells frequently break off into a moving 
current and are carried into the general circulation On the other 
hand, they may become converted into adherent cellular thrombi 
causing obstruction of the involved vessels until recanahzation takes 
place 

Kmsely has observed evidence of sludge formahon in a great variety 
of diseases, but has never observed it m normal animals or human 
subjects Evidence has been advanced that the factor of sludgmg of 
blood IS closely related to the morbid sequences of malaria and of 
severe burns, and it is quite possible that further investigation will 
disclose that it operates as a significant pathologic mechanism in 
peritonitis and other highly fatal infecbons It has appeared that many 
of the observed phenomena ot experimental peritonitis in the dog 
could be explained on the basis of such a process— including the rap 
idly rising hematocrit m \enous blood, the increased sedimentation 
rate, and the venous stasis within the lung capillaries However, the 
deposition of fibrin on erythrocytes, which is the presumptive basis of 
sludge formation, has been only indirectly related to alteration in the 
equilibrium between proteolytic and anbproteolytic factors in plasma 
If such a correlabon can be established, an interesting cycle of patho 
logic physiological phenomena will be opened up for direct ther 
apeutic attack 


SUMRURY 

The remarkable advances which have been made m the chemo 
therapeutic and immunologic approaches to infectious diseases should 
not be permitted to overshadow the importance of improving our 
understanding of the nature of flie physiopathologic changes brought 
about by bacterial action in the body Infection is frequently an im 
portant factor in initiating and aggravating the phenomena of shock 
since several of the mechamsms concerned m the distribution of an 
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adequate amount of oxygen in tlic blood can be specifically impaired 
by bacteria induced lesions Bactem may elaborate capillary poisons, 
and a \ariet>’ of l}tic enzymes, some attacking cell membranes, and 
others provoking disturbance in the enzymatic equilibria concerned 
in the transformation of librmogen to fibrin, or to its degradation prod- 
ucts Evidence is cited that tlicsc physiopathologic lesions may play 
an important role in peritonitis and in gas gangrene Tlie treatment of 
ere infection should be rationally directed not only toward “para- 
site extermination,” but also toward the prevention and correction of 
the phj siologic derangements which accompany infection Since this 
IS a relatively new field of effort, it offers many unique opportunities 
for productive research 
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PHYSIOLOGICAL PREVCIPLES IN INTESTINAL 
OBSTRUCTION 

Robert T Croutxy, M D ® and Cuaiuxs G Johnston, M D f 

Rational therapeutic procedure m the treatment of obstructive 
lesions of the small bowel is based upon a knowledge of the disturbed 
physiology which the obstructive condition creates The therapeutic 
objective m the treatment of such obstructive cases is twofold to elim* 
mate the cause of the obstruction and to correct the disturbed physio- 
logical processes incident to the obstruction 

To accomplish an adequate restorabon of physiological funebon 
toward the normal state, a comprehensive knowledge of the funda- 
mental causes underlying the derangement is essenbal It is the pur- 
pose of tlie subsequent discussion to present certain common features 
concerned m obstructive cases which are inbmately related to rabonal 
treatment 

Intestinal obstruction has been elsewhere defined' as a condibon in 
which there exists a cessabon, partial or complete, of the normal for- 
ward motion of the intestinal content from whatever cause for a penod 
long enough to produce general and local pathological changes The 
number and variety of specific causal agents capable of producing 
such a stasis of bowel content is great, but the actual physiological 
or pathological mechanisms by which stasis of bowel content or ob- 
struction IS caused are few 

In general, it may be said that obstruebon is produced in any one 
or a combinabon of three ways (1) occlusion of the intestinal lumen, 
(2) diminution of peristalsis, or (3) interference or embarrassment of 
intestinal blood supply It is also true that these factors are all to a 
more or less degree interrelated, so that when one of them obtains as 
an original cause, the others are likely to succeed as secondary effects ' 
R is also true that, when they parbally exist in combination, their net 
effect IS just as marked as in a condibon m which one of them is oper- 
ating to a greater degree alone In other words, obstruction may occur 
as a result of the partial operation of any one factor or combmations 
of any of the three factors 

INTESTINAL DISTENTION 

However the obstruebon is produced, there is one feature that is 
me inevitable consequence of intestinal stasis This is the phenomenon 
of intest inal distenbon Once stasis has supervened, distenhon is cer- 
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tain to follow if stasis proceeds unrelieved The process by which dis 
tention occurs can be readily understood when the following facts are 
reviewed Where obstructive stasis of bowel content occurs there 
begins a progressive accumulation of gas and fluid in the obstructed 
portion of the bowel Tlie gis content arises from three sources (1) 
swallowed air ingested during the process of ordinary deglutition and 
which constitutes the greatest percentajje of the gas accumulation 
(63 per cent) (2) gaseous interchange xvith blood circulating to and 
through the bowel s\all (20 per cent) and (3) gas evolved from the 
action of intestinal bacteria upon the bouel content itself (12 per 
cent) The gaseous content of the bowel is therefore the total from 
these sources and its accumulation at and above the point of obstruc 
tion IS progressive 

The fluid content which also constitutes a part of the distending 
content is largely derived from three sources (1) fluid ingested orally 
and carried to the obstruction site (2) digestive ferments normally 
secreted by the digestive glands and (3) fluid fractions from the blood 
secreted into the bowel lumen Tlic relative percentage of these fluid 
fractions are extremely variable as can be readily understood The 
greatest source of fluid within the bowel m obstruction may come 
from the circulating blood and this is seen predominantly in the case 
of strangulation 

There is no question that distention provides a powerful stimulus 
to fluid transudation from the circulating blood into the bowel ’ and 
there is little question that the amount of transudation which occurs 
is roughly proportionate to the degree of the distention This is a par 
ticularly significant feature in the pathological physiology concerned 
m obstruction and warrants careful consideration since it is intimately 
related to the state of dehydration that occurs with obstruction 

The mechanism of distention may be summarized briefly as follows 
When obstruction supervenes from whatever cause the bowel content 
becomes more or less static Gas and fluid are progressively accumu 
lated in the obstructed segment and involve progressively more of the 
segments of the bowel above the obstructed site^Tbe bowel becomes 
mcreasmgly more distended and the intraluminal pressure increases 
Under the stimulus of increased intraluminal pressure fluid elements 
of the blood (water and chloride together with other plasma con 
stituents) largely are transuded into the bowel lumen and are therefore 
lost from the circulating blood volume The blood volume begins to 
show the effects of this fluid and salt loss by an elev ation of the hemo 
globm red cell count and nitrogenous content and by a clilonde 
pletion Since the blood volume must be maintained fluid enters the 
circulation from the interstitial spaces to replace that lost into the 
bowel with the result that the tissue spaces are depleted The loss of 
the chloride fraction into the bowel is at least for a time compensated 
for by the retention of bicarbonate to maintain the requisite acid base 
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balance As the process continues, however, insufficient bicarbonate 
can be retained to fully compensate for the chloride loss, and the dis- 
crepancy between the acid and basic ions must be corrected m some 
other wa> This is brought about by the excretion of the excess basic 
radical, sodium, by the kidnejs Sodium, however, is the pnncipal 
factor responsible for retention of water in the tissues When it is lost 
through the kidneys, a proportionate quantity of water must be ex- 
creted with it and the further dehydration of the tissues ensues 
Naturally, if the process conbnues, the interstitial fluid reservoir be- 
comes exhausted and tiie water contained in the cells of the tissues 
themselves stand in danger of depletion to maintain the depleted 
blood volume The intracellular water, however, must remain verj 
constant and only slight variations can occur without causmg death 
of the tissues of which the cells are a part This stage of dehydration 
is therefore extremely dangerous, and if the process continues, death 
must invariably result 

The part played by distention which has 3ust been described may 
be briefly summanzed thus 

( 1 ) ObstructiOQ from whatever cause 

(2) Stasis of intestinal content 

(3) Progressive distention from fluid and gas 

(4) Transudation of fiuid and chlonde mto the bowel from the blood 
f5) I retention Sodium excretion with water 
' ' 1 Water inHux to blood from intersbbal spaces 
(6) Loss of intracellular water from the cells themselves 
(7) Death 

OTHER EFFECTS OF OBSTRUCTION 
While the dehydration effect is perhaps the most important of those 
produced by distention, the distention factor is basically concerned 
with other phenomena of considerable consequence m obstruebon 
Of these, pain is one of considerable interest The pain element inci- 
dent to distention of the bowel merits close considerabon Pam to a 
more or less degree is pracbcally always present in instances of ob- 
s^efaon and in the majonty of cases is quite charactensbc Almost 
die only stimulus capable of producing pam sensation within the 
Dowel IS distenbon Under normal or unobstructed conditions of peris- 
taltic function, intraluminal pressure within the bowel does not rise 
to a sufficient extent to bring any sensabon whatever into conscious 
evels However, if the inbaluminal pressure is brought above a 
threshold level, sensations of pam and discomfort are produced The 
pain encountered in mtesbnal obstruebon is therefore largely pro- 
uced by an alteration m the normal intraluminal pressure, and with 
other factors being equal, roughly proporbonal to that mcrease It 
recalled that ^stenbon serves as a stimulus to peristalsis 
hen the bowel is put on an abnormal degree of sbetch tlie smooth 
muscle of its walls responds charactensbcally by conbacbon, which is 
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then followed by a period of relaxation In general, also, it will be 
realized that if the intraluminal tension is suddenly increased the con 
tractile response is ultimately greater than if the same tension were 
gradually applied By adaptahon of these characteristics (largely of 
smooth muscle of the bowel wall), certain features concerned with 
the pam phenomenon in obstnicbon are more readily understood 

In obstruction there is first a stasis of bowel content from the pro- 
gressive accumulation of fluid and gas within the bowel lumen both 
at and above the site of obstruction This stasis produces distention 
of the bowel wall and increases the intraluminal pressure A sensa 
tion of pam is produced by stretching of the wall The stretching of 
the wall also serves as a stimulus to contraction of the smooth muscle 
within It and its contraction further increases tlie intralummal pres 
sure The pain sensation is thereby augmented with the contracture 
of the bowel 

The pam of obstruction is therefore usually episodic m nature, m 
creasing at intervals with each wave of peristalsis when the ultra 
luminal pressure is raised and abating with the succeeding period of 
bowel relaxation Nor is distention alone the only stimulus which 
serves to produce or increase the pain sensation If the effective circu 
lation to the bowel has been reduced through interference wth the 
blood supply, the resultant tissue anoxia causes violent contractions 
of the viable smooth muscle of the bowel with a proportionate m 
crease in the intraluminal pressure and therefore of tlie pam itself It 
has already been stated that the character and seventy of the pam m 
obstruction is considerably influenced by the rapidity of onset 

Pam produced by distention of the bowel wall is characteristically 
pam of the visceral type It is mediated over splanchmc or \asceral 
afferent fibers and as such is poorly localized Its localization depends 
upon the height of the obstruction If the obstruction and therefore 
the distending stimulus is m the upper or proximal reaches of the 
bowel, the pam will be diffusely referred or localized to the upper 
part of the abdomen Distention m the distal portions of the bowel 
produces a pain referred lower in the abdomen 

OTHER REFLEX EFFECTS OF DISTENTION 

In addition to the obvious dehydration effects of distention there 
are also other physiological factors concerned with the distention 
stimulus the exact nature of which remains obscure It is known that 
excessive distention of the small bowel suddenly induced is capable 
of producing m otherxvise normal animals marked variations m the 
respiration and blood pressure even under conditions of profound 
anesthesia * These changes have been shown to obtain for as long ^ 
the distention persists These stimuli arising from the excessively 
stretched bowel wall pass over the splanchmc afferents to the cental 
nervous system and thereafter to autonomic and cerebrospinal effer 



PHYSIOLOGICAL PRINCIPLES IN ODSTRUCnON 


1431 


ents Although there is insufficient experimental or clinical evidence 
as yet to support any such contention strongly, it does not seem wholly 
unreasonable to suppose tint the shockhke syndrome frequently en- 
countered in certain instances of strangulated obstruction of sudden 
onset {volvulus for example) may be initiated at least in part on a 
reflex basis It is \\ell known to those who have frequently to deal 
\vith a variety of obstruction cases that in those instances of obstruc- 
hon m which the mesentery is involved by twisting or compression, 
shocklike phenomena are very prone to appear, and if the mesentenc 
embarrassment is corrected, these are promptly relieved 

RELATION OF ODSTRUCTIVE VOMITING TO DISTENTION 
Obstructive vomiting is intimately related to intestinal distention 
The mechanism by which such vomiting is produced may be traced 
to two principal factors, (1) reflex and (2) mechanical, both of which 
are intimately related to distenbon 
\Vhen the bowel wall becomes distended and the intraluminal pres- 
sure thereby increased, receptors in the bowel wall are stimulated and 
these stimuli are transmitted centrally by splanchnic afferent fibers 
The so called vomiting center m the medulla is stimulated and im- 
pulses are sent out over the vanous afferent tracts, both autonomic 
(vagus) and cerebrospinal, so that tlie process of vomiting occurs® 
Such vomiting is recurrent and tends to persist as long as the reflex 
stimulus of abnormal distention is present This reflex process con- 
cerned in vomiting is well recognized, but there is in addition a 
mechanical feature concerned in Ae vomiting of obstruction which is 
more obscure 

It IS frequently and erroneously staled that the vomiting in obstruc- 
hon IS produced by a reversal of the peristaltic process Actually, re- 
verse peristalsis rarely, if ever, occurs Peristalsis when present pro- 
ceeds in one direction only, namely, from the proximal toward the 
uistal portion of the bowel Normally the effective peristaltic compo- 
nent IS a segmental contraction of the bowel which constnets the 
lumen at one point forcing the lumina! content into the relaxed por- 
tion of the bowel distal to the point of contraction The contracted 
portion then slowly relaxes and the ^vave of contraction proceeds to 
the previously relaxed distal portion into which the lumen content has 
been forced when the process is repeated The content of the lumen 
IS thus propelled proximodistally under normal circumstances by a 
^nes of continuous interrelated undulant waves of coordinated con- 
and relaxation of the smooth muscle of the bowel wall ® Al- 
ough peristaltic action is considerably modified by the influence of 
aiitonomic innervation of the mtestine (vagus-producing stimulation 
and sympathetic inhibition), it is capable of proceeding independently 
y its own intrinsic innervation Under conditions of mechanical ob- 
struchon, when distenbon supervenes propulsive peristalsis is altered 
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m frequency and force bul retains its cssenbal characteristics Under 
tlie stimulus of distention the peristaltic waves are increased in fre 
quency and force of contraction to force the bowel content foniaid 
past the obstructing point This increased peristaltic activity may 
actually be successful in passing the intestinal content by the obstruc- 
tion point if the lesion producing the obstruction does not completely 
occlude the bowel If the obstruction is complete, or nearly so, the 
for\vard current of the bowel content is impeded and unable to pro 
ceed and there is then set up a reversal of the current of the bowel 
content which is in the opposite direction to that of the propelling 



s < 

Fig 531 —(For erplanaboa, see text ) 

peristaltic force This reflux of the intestinal content is the result, 
therefore, of several factors 

An analogous condition may be visualized in which there is a dis- 
tensible tube containing fluid and air which has been sealed at one 
end A mechanical force is applied to the walls of the tube, forcing 
the contained air and fluid toward the sealed end The gas content 
can, to a certain extent, be compressed but the fluid cannot Since 
the tube is distensible and therefore resilient, its walls distend to ac- 
commodate the relative increase in volume of the fluid and air as 
these are forced with progressively narrower confines toward e 
sealed end of the tube But as the tube distends to accommodate its 
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content, the wall, because it is resilient, also exerts a lateral force on 
the fluid and air There are, Uierefore, three forces acting, namely, 
(1) the force propelling the lube content forward, (2) a force exerted 
by the resilient walls upon the lube content at right angles to the 
propelling force, and (3) the passively acting force of the sealed end 
of the tube acting in the opposite direction to the propelling force 
The motion of the tube content will therefore be determined by the 
relative amounts of these forces, as illustrated in Figure 531 The tube 
content is forced against the sealed end of the tube beyond which it 
cannot progress Since the force at the sealed end is exactly equal to 
the propulsive force, the resilient walls of the tube expand, but there 
IS a limit to its resiliency Though the gas content of the tube can be 
compiessed, the fluid cannot The result is the tube content must 
move along the line of least resistance, which, since one end of the 
tube IS open, will be in tint direction In other words, the tube content 
must move m the direction from which the propelling force is acting 
The result is the establishment of a current m the lube content pass- 
mg first m the same direction as the propelling force to the sealed end 
of the tube, and then in the opposite direction to the propelling force 
This reflux current, once established, tends to be perpetuated by 
inertia as well as by the forces acting to produce it 
There can be bttle doubt tint a very similar process occurs in 
mechanical obstruction of the small bowel to account for the per- 
sistent vomiting The bowel is obstructed at some point by a mechani- 
cal occlusion of its lumen Stasis and distention occur Propulsive 
peristalsis is stimulated and forces the bowel content against the re- 
sisting obstructed site The resiliency of the intestinal wall for a time 
accommodates the bulk of progressively increasing intestinal content, 
but ulbmately begins to exert a greater compressing force upon it 
f'vo forces are set up against tlic bowel content m addition to the 
forward propulsive force The unobstructed segment of the bowel 
being the line of least resistance, a reflux current is set up tow ard it, 
the bowel content passes upward into the next proximal segment 
the further passage of the bowel content upward, several 
additional features must be reviewed It will be recalled that the 
coQtracbon relaxation w ave of peristalsis is segmental in action That 
IS to say,,the whole bowel is not involved in peristaltic action at the 
same time, but only certain of its segments Moreover, when peristal- 
sis occurs in a segment, not all of the intestinal content is removed 
pom that segment by penstalttc action There remams a residuum of 
«tinal content m the segment after a wave of peristalsis has passed 
Inis residuum of bowel content is gradually emptied from the seg- 
subsequent segmental waves, provided that no increment is 
^ ded from the reaches of the bowel above Tlie emptying of any 
particidar bowel segment of its content is therefore a gradual process, 
proceeding a little at a time with eadi propulsive peristaltic wave 
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Fig. 532 —Diagram illustrating flew of intestinal content above a ^om 
struclion A, Change in direction of forces immediately after obstructiOB > 
ginning dilation due to increased pressure in loop C, Extension of duauo 
to higher levels with conUaettens insuffident to constrict lumen of pit uhois 
intestinal content to be forced etiually in both directions In D, marked ' 
of a large segment of gut has oceurt^ and fte gut content is forced up' 
elastic recoil as well as by contractioo of the distended gut in the segments 
are not stretched beyond the limit of contractility 

A Single wave of peristalsis js not an efficient mechinisni in eiRptyw? 
the bowel segment in which it is acbw, since even under normal C(OT 
dibons it requires several, or many, peristaltic waves to do so ( lo 
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teleologically viewed however, it is extremely effective regardless of 
its efficiency for foiavard propulsion for it accomplishes the primary 
purpose of bringing the bowel content m prolonged and wide contact 
avith the largest possible absorptive surface of the bowel mucosa ) 
When a condition of obstruction is present and tlie reflux current 
which has been previously desenbed has been set up, the bowel con 
tent is regurgitated retropenstaltically toward the next proximal seg- 
ment There is then an increased pressure gradient produced by the 
retropenstaltically propelled intestinal content from the obstructed 
segment against which the propulsive peristalsis m the next proximal 
segment must operate It has already been stated that even under 
normal conditions peristalsis is not mechanically an efficient process 
m emptying the particular segment in which it is active, and against 
the increased pressure gradient of retropenstaltically propelled con- 
tent from an obstructed segment, it is even less so The result is that 
the bowel content in the next proximal segment is not emptied as 
much as normally and the residuum after each peristaltic contraction 
IS greater in amount This increase in content in the segment proximal 
to the obstructed segment produces distention in that segment Under 
the stimulus of distention more fluid is transuded into the proximal 
segment further increasing the bowel content therein The result is 
that the process extant in an obstructed segment is repeated in the 
next proximal segment namely distention and increase m the bowel 
content with less empt>ing of the contained fluid and gas with, each 
peristaltic contraction and thereby stasis and an increased pressure 
resistance against propulsive peristalsis proceeding toward this seg 
ment This process once initiated and unrelieved progresses with 
varymg degrees of rapidity to involve more and more segments of the 
bowel above the obstructed segment until the entire extent of the 
bowel above the obstruction may be involved producing as an end 
result a greatly dilated portion of boavel filled wth fluid and gas in 
'vhich penstalsis is weah or entirely absent 

PIIYSIOLOGICAL PRINCIPLES IN TREATMENT 
An understanding of the normal physiology of the gastrointestinal 
tract as well as the variations from normal encountered m obstruction 
cf the bowel has a direct bearmg on therapy Obviously m cases of 
obstruction in which distention is not great, and the senous sequelae 
of distention are not presenV early removal of the obstruction by 
Operative measures is indicated except for early postoperative cases 
Or cases of patent inactive ileus (so Called adynamic ileus) Exclud 
^ug these latter two groups of cases the great majority when first seen 
^^^Snized are not easily amenable to immediate operation and it 
'wll be necessary to use some means to restore as nearly as possible 

physiological status of the bow el Since distention initiates 
tiiner harmful responses it w important to control distention as quickly 
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as possible Enterostomy is a direct approach for decompression but 
the obvious difBcuIties of an operahve procedure m a sick patient is 
sufficient reason to seek other meins of decompression 

Intestinal Intubation,— Suction drainage of the stomach or duo‘ 
denum as popularized by Wangensteen^ proves effective in many 
cases Vomiting can be controlled by this means The tension on the 
bowel above the obstruction is lessened as the reflux of bowel content 



IS removed and does not tend to return towards the more distended 
loops of bowel lower do^vn 

The nearer aspiration is apphed to the point of obstruction the 
more efficient is the removal of the distending content With the use 
of the Mdler-Abbott* tube which can be mide to reach any portion 
of the small bowel without too mudi trouble, mitenal can be removed 
effectively from just above the point of obstruction thereby reheving 
the distention and restoring the normil function of the small bowel 

It is obvious from the foregoing statements that the most important 
single feature concerned m the treatment of obstructive cases is the 
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adequate decompression of the distention incident to the obstiuction 
The role of long tube intubation in intestinal decompression has in 
general been thoroughly emphasized in previous and current lit- 
erature® xhere are, however, certain points concerned in 

the emplojonent of intubation whicli mil bear constant reiteration, 
for negligence m their performance may materially impair its results 
Technically, successful intubation depends upon accomplishment of 
the follow mg ( 1 ) passage of the tube into the small bowel, ( 2 ) mam- 
tenance of the patency of the tube, and (3) maintenance of adequate 
and continuous suction 



F ig 534 —Suction apparatus emplo>cd in treatment of intestinal obstnicbon 


The technic of passing the tube into the upper reaches of the small 
intestine has been adequately stressed m the literature dealing with 
the subject and needs little additional stress We have found that once 
me tube is in the stomach it is a simple matter to pass the tube to the 
pylorus by turning the patient on the right side, inflating the stomach, 
Jind allowing the tip of the tube to drop by its own weight to the 
pylorus From this point on, gentle manipulation under fluoroscopic 
control suffices to pass the tube well into the duodenum where peris- 
alsis, acting on the slightly inflated balloon, carries the tube down- 
ward The use of a fine wire stilet, as recommended by Abbott,^* is a 
'worthwhile aid in manipulating the tube into the duodenum 
^®veral types of tube are available The double lumen tube, while 
6®sy to introduce, has such a narrow lumen that it clogs easily and 
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aspiration is not so good as it is when a larger tube is used We have 
found that tubes prepared from Behfuss type tubing with a smaller 
tube attached for inflating the balloon is preferable Tubes wth 
weighted tips, either heavy metal or i leader prepared with a bag 
of mercury,^® are more likely to enter the small bowel without manipu 
lation, but progress more slowly than a tube with an air filled balloon 
attached 

A tube which lies in the intestine and which does not aspirate in 
testinal content offers no advantage Much difficulty is encountered 
with suction Too strong suction will collapse the tubing too weak 
suction will not aspirate fluid While the simplest suction apparatus is 


We have found that a good constant source of suction is produced by 
a Stedman or a water pump The pressure developed thus, however, 
IS too great Accordingly we have introduced into the trap bottle a 
simple valve which regulates the pressure to an equivalent of that 
suppbed by a column of water of about three feet (Fig 534) 

Fluid and salt replacement is important With suction drainage ap 
plied just above the point of obstruction, it is possible to maintain 
adequate fluid and nutritional balance by oral intake In the early 
stages of intubation it is necessary to supply fluids and food by vein, 
not only for replacement of materials lost by suction drainage but to 
compensate for the dehydration and depletion of body stores present 
before treatment is begun Determinabon of intake and output and 
observation of the amount of urine excreted and the condition of the 
skin and mucous membrane offer the best means of determining re 
placement needs There are no good formulas for determimng the 
amount of fluid, salt or nutrition which are required 

This discussion relates to cases of simple obstruction Intubation in 
cases of strangulation obstruction may keep the gut above the obstruc 
tion decompressed, but will not affect the changes in the bowel inci 
dent to lack of blood supply, except that possibly the reduction of 
mtralummal pressure may delay the possibility of perforabon 
The use of intestinal intubation in intestinal obstruction is possible 
because of the physiological response of the intestine to material 
within its lumen W^en normal mtestme is distended aspiration of its 
content restores normal physiological function to the bowel, aod^ 
lows time for the patient s fluid and salt balance to be restored under 
relatively normal condibons Intubabon ought not to be considered a 
form of treatment for inteshnal obstruction despite the fact that it is 
frequently all that is required m many cases It is but the appheaton 
of sound physiological principles for the restoration of normal func 
bon in the small bowel the funebons of which have been markedly 
disturbed by distention 
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CERTAIN PinSIOLOGICAL PROBLEMS PERTA1NI>G TO 
TIIORAaC SURGERY 

JuuAV JoiiNsov MD DSc (Med)* A^0 Jouus H Comboe Jb 
\ID FACPf 

The advances jn thoracic surgery in recent yeirs have occurred 
largely because of a better understanding of the physiology of respira 
tion and circulation As the surgeon and anesthetist have become 
familiar with the physiological problems involved in opening the 
thorax and wth the effects of anesthesia upon respiration it has be 
come possible to open the chest with approximately the same impunity 
as opening the abdomen 

THE I'lnSIOLOCI of the OI’EN tiioiiax 
Air flows from the point of highest pressure to the point of lowest 
pressure Normally when the chest expands the thoracic cage pulls 
away from the elastic lung and creates a subatmosphenc intrathoracic 
pressure Room air at atmospheric pressure rushes into the trachea 
and alveoli until the pressures are equalized or until expiration begins 
When the thorax is opened widely either accidentally or surgically 
air rushes into the thorax through this opening as the chest wall et 
pands quickly equalizing (he negative pressure initiated by the ex 
pension of the chest w all For this reason very little air will be pulled 
into the lungs through the trachea Likewise as the chest wall con 
tracts during expiration and air is forced out of this large hole m the 
chest wall very httlc atr is forced out of the lungs througli the much 
smaller opemng of the trachea Under these circumstances the pa 
tients pulmonary ventilation is markedly reduced A pressure greater 
than atmospheric pressure must be applied through the trachea so 
that proper pulmonary ventilation may be accomplished Tins is most 
easily done by rhythmic squeezing of a reservoir bag filled with air 
or the anesthetic mixture connected to an endotracheal tube In this 
manner the anesthetist can employ positive pressure respiration for 
hours if need be until the (borax is closed and normal breathing is 
reestablished If the pressure exerted by the bag upon the alveoh is 
higher than tlie pulmonary capillary pressure it will compress the 
pulmonary capillaries and for a limited time interrupt the blood 
flow through the lungs Consequently the pressure used should not 
be continuous or excessive The upper safe limit of p ositive pressure 

" Ass slant Professor of Surgery School of Med one University of Pennsyl 
vania Philadelphia Associate Surgeon HospiUl of the University of Pennsylvania 
t Professor of Physiology and Pharmacology Graduate School of Medicine 
University of Pennsylvania Clinfcal PhjsioJ^ist Hospital of the Uniienity oi 
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IS not definitely known The normal lungs of dogs do not rupture 
until 80 to 110 cm water pressure is applied to the air passages, but 
it IS possible that diseased lungs imy rupture at lower pressures A 
pressure above the pulmonary capillary pressure probablj can be em- 
ployed for very' short periods m attempts to re-expand previously 
compressed lungs For routine purposes, the pressure should not ex- 
ceed 15 cm of water 

IVhen the thorax is opened the lung on the affected side tends to 
collapse as air rushes into the pleural space In addition, the medias- 
tinum tends to devaate to the normal side during inspirabon since the 
air intake through the opening m the chest wall is much larger than 
that through the trachea Tliereforc the lung on the normal side does 
not expand adequately The amount of shift of the mediastinum will 
vary xvxth the position of the patient on the operating table If the 
patient is lying with the operated side uppermost, the weight of the 
heart and mediastinum will compress the good lung, requiring tlie 
anesthetist to use more positive pressure m order to maintain adequate 
ventilation of that lung If the patient is supine or prone, the medias- 
tinum tends to remain m the midhne Under such circumstances the 
positive pressure required may be ^minimal In fact open thoracic op- 
erations may be done with relative safety under local or spinal anes- 
thesia with little or no positive pressure in these positions If necessary 
the surgeon may grasp the hilar structures and pull the mediastinum 
toward the operated side, thereby assisting expansion of the opposite 
lung In recent years, Overholt^ has performed major thoracic opera- 
tions under local anesthesia and has placed the patient on the oper- 
ating table with the diseased side slightly m the dependent position 
by means of a special attachment to the operating table Although he 
has done this primarily to prevent spill-over of sputum into the un- 
affected lung the weight of the mediastinum helps keep it toward the 
dependent side and is an aid in the ventilation of the remaining lung 

It IS our belief that the use of an endotracheal tube to insure ade- 
quate aeration and adequate aspiration of secretions is desirable re- 
gardless of the type of anesthesia used On the other hand, an endo- 
tracheal tube IS avoided when possible in infants since occasionally 
laryngeal edema results which may require tracheotomy 

COTROLLED RESPIRATION 

The mofaon of the chest wall and diaphragm may at times add to 
the difficulty of the operation Upon sucli occasions, the anesthetist 
can stop the patient’s spontaneous respiratory’ movements and employ 
controlled respiration There arc tlirce mechanisms by which this may 
be achieved 

I Anesthetic agents which produce marked depression of the rncti- 
^^^Pt^otonj center —Some anesthetic agents depress respiration, 
'niJe others leave respiration unchanged or increase it Cyclopropane 
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depresses respiratory function moderately in concentrations wkdi 
produce light surgical anesthesia and leads to complete suppression of 
respiration in deep anesthesia Pentothal and morphine also decrease 
respiratory minute volume On tlie other hand nitrous oxide, ether, 
chloroform and vinethene may stimulate respiration 

The explanation of these differences appears to be as follows Dripps 
and Dumke^ have shoxvn that all anesthetic agents depress the medul 
lary respiratory centers so far as their response to carbon dioxide is 
concerned While doing so, ether, chloroform and vmethene stimulate 
the respiratory center through vagal reflexes, activated by imtation 
of nerve endings in bronchioles and alveob Nitrous trade anesthesia 
may stimulate breathing through carotid and aortic body reflexes as 
the result of the anoxemia associated xvith its improper admmistration 
Since cyclopropane, morphine and pentothal being nommtant do not 
activate these particular vagal reflexes, respiration is depressed When 
anoxemia supervenes as a result of respiratory depression, the cherra 
cal receptor reflexes of the carotid and aortic bodies may be aroused 
to prevent further depression of respuation Since the carotid and 
aorbe body reflexes are not depressed by deep anesthesia they con 
tmue to function and serve to protect the patient against what mi^t 
otherxvise be a dangerous anoxemia Cyclopropane is usually admin* 
istered with a high concentration of oxygen so that reflexes inihated 
by anoxemia do not come into play Consequently spontaneous res 
piration stops, and the anesthetist can employ controlled respiration 
Cyclopropane is the anesthesia of choice when attempting to employ 
controlled respiration by depressing the respiratory center Pentothal 
and morphine if administered m large dosage with oxygen would pro- 
duce comparable respiratory depression but intravenous anesthesia is 
never so controllable as inhalation anesthesia 

2 Htjperventtlalion —11 a normal unanesthelized individual hyper 
venhlates vigorously with oxygen for 80 to 60 seconds he has no 
desire to breathe again for the next 3 to 10 mmutes due to the fact 
that lie has lowered his arterial carbon dioxide, raised his arterial 
oxygen tension and so has removed temporarily the normal stimuli to 
respiration When the arterial carbon dioxide tension is reduced suffi 
ciently, even strong vagal or carotid and aortic body reflexes cannot 
activate the respiratory center Hyperventilation, performed manually 
by the anesthetist in compressing the rebreathmg bag is even more 
effective m stopping respiration dunng anesthesia because all anes 
thebes depress the respiratory center in its response to carbon dioxide, 
and carbon dioxide must be rebuilt to a higher than normal level 
before respirabon is resumed The use of hyperventilation in combina 
bon with such respiratory depressants as morphine and cyclopropane 
IS particularly effecbve 

3 Curartztng agents —Curare and Erythnna preparations block spe- 
cifically the neuromyal junebon and so produce paralysis of all skeletal 
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muscles, including the respiratory muscles Fortunately the latter are 
depressed last Stephens, Harroun and Beckett^ using curare in thor- 
acic surgical operations feel tint it allows them to maintain controlled 
respiration m a much lighter plane of anesthesia than otherwise 
It should be remembered that curare m large doses has actions 
other than the muscle paralyzant effect It apparently releases his- 
tamine from depots m the body and may produce many of the effects 
of histamine such as a triple response with red center, flare and wheal 
(upon mtracutaneous mjecbon^) bronchospasm® and hypotension® 
The bronchospasm can be so severe that it may persist despite positive 
pressure on the anesthesin bag and cyanosis will result Erythroidme 
does not produce histamme-like effects and might be used to replace 
curare* Neostigmine is a physiological antidote to the paralyzing 
effect of erythroidme and curare and \vill promptly initiate respiration 
previously arrested by these drugs It will not neutralize the histamme- 
like action of curare 


the recognition of pulmonary insufficiency— oxygen 
THERAPY 

Cyanosis and dyspnea are considered to be valuable signs of pul- 
monary insufficiency However, it is important that the surgeon recog- 
nize the limitations of these signs m the patient with thoracic disease 
Ci/flnojM IS not always rebable as a sign of pulmonary insufficiency 
for several reasons (1) Cyanosis is merely a visual appreciation of 
blueness of the capillary blood which is overlaid by mucous mem- 
brane, skin or fingernail Comroe and Botelho’ found that, m white 
subjects with normal amounts of hemoglobin, experienced observers 
Were usually unable to be certain of cyanosis until the arterial oxygen 
saturation had fallen to 76 to 85 per cent In the pigmented races 
cyanosis is even more difficult to detect (2) Cyanosis may be purely 
a local phenomenon and not representative of the degree of systemic 
^uoxemia Cold, for example, leads to a constriction of peripheral 
Vessels, blood then flows so slowly through the cold extremities that 
most of the oxygen is extracted from each unit of blood Hence the 
^ n IS cyanotic though the artenal blood may be perfectly normal in 
^spect to its oxygen content (3) The patient’s color is affected by 
e amount of circulating hemoglobin If the patient’s hemoglobin is 
vety low he may be suffering from severe hypoxia and yet not be 
ceably cyanotic since the presence of a certain amount of reduced 
emoglobin (5 gm per 100 cc ) is considered necessary for the visual 
ppreciation of blueness (4) An individual may be markedly anoxic 
^t not be cyanotic In both carbon monoxide and cyanide poison- 
g despite mtense tissue anoxia, the blood is bright red Carbon 
onoxide combines with hemo^obm to form a pigment which is 
ignt red but will not carry oxygen Cyanide prevents the tissues 
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from utilizing the oxygen in the blood stream so that the venous blood 
remains arterial in respect to its oxygen tension 
Dyspnea is another almost invanable accompaniment of pulmonary 
insufficiency However, it must be remembered that dyspnea can 
occur in conditions in which the lungs are normal Dyspnea may occur 
in diabetic or uremic acidosis in high fe\ er, and m shock or hemor 
rhage as \vell as during severe anoxia or carbon dioxide retention On 
the other hand anoxemia is not necessarily signalized by dyspnea 
One individual maj show no increase jn his respiration while breath 
mg 8 per cent oxygen while another may increase his respirations by 
200 per cent As a rule the oxygen content of inspired air must be 
reduced to 10 per cent before the respirations are increased by as 
much as 30 per cent and at this time the arterial oxygen saturation 
is 70 to 80 per cent instead of the usual 95 to 9S per cent * Of course 
if the lung IS unable to eliminate carbon dioxide hyperpnea and dysp 
nea usually result in an imanestlictized patient * 

The best clinical test for anoxemia is the determination of arterial 
oxygen saturation The procedure of arterial puncture involves no un 
usual discomfort or danger and should be employed more frequently 
We usually obtain arterial blood from the femoral artery though the 
brachial or radial artery may be used 
Oxygen is often used when it is not needed Frequent errors in 
oxygen therapy are {a) to supply oxygen to relieve all types of dysp 
nea and (b) to remove oxygen if it does not relieve the dyspnea 
Dyspnea may be caused by a number of factors each of which is 
capable of increasing respiration For example, we recently studied a 
young male adult with staphylococcic pneumonia and septicemia who 
was markedly cyanobc and dyspneic The oxygen saturation of his 
arterial blood was only 39 per cent Inhalation of 100 per cent oxygen 
increased his arterial oxygen saturation to 90 per cent but his dyspnea 
continued unchanged This may be explained by the fact that this 
patients dyspnea was caused by at least six factors of which anoxemia 
represented only one The other five were (1) vagal (Hcnng Breuer) 
reflexes initiated by pneumonic patches in the lungs, (2) fever of 
104° F which increased respiration by augmenting the metabolic rale 
of the carotid and aortic bodies and the medullary center (3) arteri^ 
andcisw (pH 71) which can cause marked reflex hyperpnea tlwwgh 
the chemical receptors, (4) anemia (Iiemoglobm 50 per cent) which 

* Anoxemia increases respiration putse and blood pressure by a reflex acbon 
upon nerve receptors in the carotid and aortic bodies rather than by a stimulant 
effect directly upon the meduIJvry centers os formerly believed Thus a denmte 
function can now be assigned to these bodies crroneousl) thought to be chromaliin 
tissue with no known physiological action In add tion to acting as a deiewe 
mecl anism of the body against nnoxia the carotid and aortic bodies are aUo 
stimulated by blood acidity (as in acidoMs) by high blood carbon d oxide and bv 
a number of drugs used m circulation tune tests such as sodium cyanide lobeime 
and papaverine® 
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probably stimulates the medullary respiratory center, and (5) hypo- 
tension (80/40 mm of mercury) which can cause increase m res- 
piratory rate reflexly by on action on the pressure receptors m the 
carotid sinus and aortic arch It is ob\ious then tint oxygen therapy 
cannot be expected always to reliexe dyspnea and further thnt the 
indication for its use can be )udgcd best b> the arterial oxygen satu- 
ration 

We usually use oxygen therapy after thoracic operations at least 
until the patient has recovered from the anesthetic, as it offers him a 
reserve which he might not otherwise have There are three methods 
b) which oxygen may be applied Tlic face mask if well fitted delivers 
the highest concentration of oxygen to the inspired air (90 to 98 per 
cent oxygen), however, it is often uncomfortable and not tolerated 
well It IS undesirable for the patient coming out of anesthesia because 
of the possibility of aspirating voimtus Oxygen tents as usually em- 
ployed in hospital practice produce an average oxygen concentration 
of only about 30 per cent instead of the 50 to GO per cent concentra- 
tion claimed by their manufacturers Tlie tent is also undesirable m 
that it interferes with the nursmg of the patient A catheter placed m 
the oropharynx usually permits the inhalation of 40 to 45 per cent 
oxygen, its chief drawback is that it irritates and tends to dry the 
pharyngeal mucosa causing the formation of tenacious mucus How- 
ever, of the three methods we have found the nasal catheter to be 
most satisfactory for routine use 

Oxygen should not be used continuously for more than twenty-four 
hours m concentration higher than 60 per cent because of the danger 
of irritation of the respiratory tract 

factors vmcn may reduce pulmonart efficiency post- 

OPERATIVELY 

1 Improijer Ventilation of tlic Liings — ^Mediastinal Shift.— The 
most important physiological problem m the immediate postoperative 
care of the thoracic patient is the maintenance of an adequate res- 
piratory exchange When a pneumonectomy has been performed, the 
reniaming lung must be ventilated satisfactorily Ventilation can be 
accomplished most satisfactorily in man by maintaining the medias- 
tinal structures m the midlme or only slightly toward the operated 
side If too much air is left m the pleural cavity, the mediastinum is 
snifted away from the operated side, the remaining lung will he com- 
pressed and ventilation will be impaired If too little air is left in the 
P eural cavity, the mediastinum will be pulled toward tlie operated 
side thereby overdistendmg the remaining lung In man the cardio- 
mechanism is seriously disturbed by this procedure prob- 
ly due to the sudden acute emphysema of the remaming lung or 
y the interference in the return of blood to the heart If the patient 
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has been operated upon on his side it is best to close the chest with 
a small catheter in the incision The patient can then be turned on his 
back and palpation of the trachea and heart beat will enable one to 
determine the position of the mediastinum Enough air can then be 
withdrawn to bring the mediastinum to the midline and the catheter 
removed A more accurate method is to use a pneumothorax apparatus 
and remove air until the intrathoracic pressure is about 15 cm of 
water below atmospheric pressure The position of the mediastinum 
should be checked frequently by x ray and air added or withdrawn 
if the mediastinum is too far from the midlme It has been our expe- 
rience that if the chest is closed with the mediastinum only slightly 
toward the operated side no further tapping may be required As the 
air is absorbed serum takes its place Later the scrum clots and con 
tracts and pulls the mediastinum over but this gradual shift is well 
tolerated 

WTien a lobectomy has been done it is important to maintain a nega 
tive pressure in the chest of about 10 cm of water so that the remain 
mg lobes may expand and 611 the pleural canty This is most easily 
done by using a drainage tube leading to a water trap Air may be 
expelled from the chest when the patient strains or coughs but cannot 
be pulled back into it Upon inspiration water will be aspirated into 
the tube and a negative pressure will be maintained As a rule the 
lung will seal against the pleura and the tube may be removed in four 
to five days 

In a thoracotomy in which drainage is not used it is important to 
expand the lung completely as the pleural cavity is closed This may 
be done by moderate pressure exerted by the anesthetist on the anes 
thesia bag connected to the endotracheal tube or by suction in the 
pleural cavity applied through a catheter which can be removed as 
the wound is closed 

Phrenic paralysis produced at the lime of operation maj interfere 
with proper ventilation of the lungs It is true that following lobec- 
tomy or pneumonectomy paralysis of the phrenic nene allows the 
diaphragm to rise and helps fill the space left by the resected lung 
Nevertheless following lobectomy normal diaphragmatic motion is 
helpful in maintaining adequate ventilation of the residual pulmonary 
tissue during the immediate postoperative period A paralyzed diaph 
ragm will move paradoxically dunng respiration thereby decreasing 
its efficiency This is true also following pneumonectomy as paralysis 
of one side of the diaphragm will allow some paradoxical movement 
of the mediastinum and reduce the efficiency of the efforts at ventilat 
mg the remaining lung Months later with the contraction of the fil^o 
thorax even the nonparalyzed diaphragm assumes a high position bu 
the mediastinum is Hxed and pulled over by the same process 

2 Atelectasis-Improper Ventilation of the Lungs Due to Mucus 
in the Tracheobronchial Tree —Dunng the postoperative period 
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many thoracic surgical patients have mucopurulent material in the 
tracheobronchnl tree This is not only true after operations for the 
relief of suppurative disease but also frequently following simple 
thoracotomy in patients with chronic tracheobronchitis It is impor- 
tant that this miternl be coughed out and not allowed to accumulate 
During the immediate postoperative period, t nurse should be at the 
bedside almost constantly with a suction apparatus to aspirate mucus 
from the pharynx If the patient is unable to keep tlie tracheobronchial 
tree free of secretion, tracheal aspiration with a catheter should be 
done at frequent intervals If this is done diligently a severe atelectasis 
requiring bronchoscopy will seldom occur 

When massive atelectasis occurs as a result of acute bronchial ob 
struebon the patient becomes cyanotic because blood continues to go 
through the atelectatic lung thereby delivering unoxygenated blood 
to the systemic circulation On the other hand, a patient may develop 
bronchial obstruction slowly and eventually have an atelectahc lung 
Without having cyanosis These points may be demonstrated by two 
recent patients One developed right bronchial obstruction slowly over 
a two month period at the end of which lime the arterial oxygen satu- 
ration was 92 per cent the other had repeated acute episodes of ob- 
struebon of the left mam bronchus during which his arterial oxygen 
saturabon fell to 62 per cent This is probably due in the first case to 
the gradual reduction of the blood flow through that lung which ac- 
companied the slowly developing atelectasis, while m the second case 
the blood flow must have continued during the acute obstruebon A 
Similar situation may occur during pulmonary resection if the bronchus 
is clamped before the blood supply However, this is of no clinical 
importance because the mampulabon of the lung probably reduces 
the blood flow through it furthermore, the interval between occlud- 
ing the bronchus and the blood vessels is usually relatively short 

Atelectasis may be favored by the use of oxygen If the occluded 
portion of the lung contams oxygen, collapse will occur much more 
rapidly fhaii if it contains air since oxygen is quickly taken up by the 
blood flowihg through the lung, whereas nitrogen is earned away by 
the blood very slowly 

3 Postoperatue Pam.— Because of pain in the wound, the pabent 
^scroase his respiratory excursion and suppress the coughmg 
which IS essential to rid the tracheobronchial tree of mucus If enough 
*”°iphine IS given to relieve pam the patients cough reflex may be 
inhibited to a considerable degree On the other hand with no pain 
relief the patient may not be able to cough It is difficult to administer 
morphine to give some pain relief and yet not to inhibit 
ffie cough reflex Upon occasion however, we have seen a dose of 
morphine allow a patient to cou^ more effectively by relieving the 
pain usually experienced during coughing following thoracic opera 
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Under these circumstances intercostal nerve block with procaine is 
often useful in relieving the acute distress and allowing the patient to 
cough effectively In recent years we have frequently cut or crushed 
five or SIX intercostal nerves from wathm the chest at the time of op 
erations in old people This gives an anesthetic wound except for the 
posterior part and is often helpful in allowing the patient to cough 
freely during the postoperative period ‘ 

4 Postoperaiixe Pulmonary Edema —In the postoperative patient 
It is often difficult for the surgeon to differentiate between true pul 
monary edema and tlie production of mucopurulent material inadent 
to irritative phenomena It is important therefore that the surgeon 
have an understanding of the physiological mechanisms responsible 
for the production of pulmonary edema Tliese factors are those which 
enter into the formation of peripheral edema namely capillary pres 
sure colloidal osmotic pressure of the blood tissue pressure surround 
ing these capillaries and permeability of the capillary walls 
In the systemic circulation there is constantly a filtration of fluid 
outward on the arterial side of the capillary and muard at the venous 
side of the capillary This is due to the fact that the colloidal osmotic 
pressure of blood is aj ’ 

(25 mm of mercury) 
the arterial end of tlu 

mercury (5 mm higher than the colloidal osmobc pressure) so that 
fluid passes into the tissue spaces At the venous end the capillary 
pressure is only 10 to 15 mm of mercury so that fluid is drawn into 
the circulation by the colloidal osmotic pressure of the plasma protein 
W hile the colloidal osmotic pressure of the blood remains about the 
same m various capillaries throughout the body capiUary blood pres 
sure vanes greatly in different organs In pulmonary capillaries the 
pressure is quite low While direct measurements of pulmonary capil 
lary pressure have not been made m man judging from the pul 
monary arterial pressure of 20 mm of mercury it is believed that the 
actual capillary pressure is 5 to 10 mm Since the colloidal osmotic 
pressure is the same as in the systemic circulation (25 mm of mer 
cury) it IS apparent that at both ends of the pulmonary capillary the 
force drawing fluid into the pulmonary capillary is greater than the 
force tending to push fluid out In this respect the pulmonary circu 
lation differs markedly from the systemic This arrangement is of 
great importance in keeping the alveolar surface free of fluid so that 
oxygen uptake and carbon dioxide elimination can proceed efficiently 
This feature was dramatically illustrated in 1875 by Cohn who poured 
21 liters of water into a horses trache v u r 

period this produced no ill effects 
absorbed from the alveoli because of 

colloidal osmotic pressure relationship that is unique in the lungs 
Factors Tending to Produce Pulmonarx Edema— The ahnorai^i 
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conditions which may interfere with these pressure relationships and 
allow the formation of pulmonary edema are as follows 

(a) A Mar^Kcd Rise m Capillary Pressure— The pulmonary capil 
lanes are capable of great dilation and up to a certain point they can 
accommodate a great deal of blood witliout an appreciable rise in 
capillary pressure \Vlien this limit has been evceeded, the capillary 
pressure may rise abruptly to exceed the colloidal osmotic pressure 
and pulmonary edema \m 11 form This limit is difficult to exceed in 
normal individuals The Blalock operation for pulmonar> stenosis sud 
denlj shunts blood from the high pressure systemic circulation into 
the low pressure pulmonary circulation Tlie pulmonary capillaries are 
able to dilate and absorb tins pressure without the production of pul 
monary edema 

However, when the pulmonary circulatory reserve is exceeded pul 
monary edema occurs This occurs in congestive heart failure when 
the blood volume is increased and the pulmonary capillaries are en 
gorged In patients with marked decreases in pulmonary circulatory 
capacity, pulmonary edema may occur with increases in blood volume 
which a normal lung could tolerate Gibbon*® demonstrated that cats 
following multiple lobectomy developed pulmonary edema and died 
if transfused xvith a volume of blood that was well tolerated by cats 
with normal lung capacity With a reduction in the size of the pul 
monary capillary bed the increase in blood volume probablj m 
creases the pulmonary capillary blood pressure and pulmonary edema 
results During a pneumonectomy it is possible that blood loss may 
be overestimated and the patients blood volume increased so much 
by transfusion that pulmonary edema may occur Certainly it is im 
portant in such cases to look for evidence of increased venous pres 


sure and to withhold further transfusion when such signs are present 

(b) The Production of a Marked Negative Intrathoracic Pressure — 
As long as the tracheobronchial tree is open subatmospheric pressure 
m the thorax created by expansion of the chest wall is quickly equal 
ized by the rush of air into the lungs through the trachea If there 
'vere a partial mspintory obstruction to the fncheobronchial tree the 
mtrathoracic pressure might become so markedly subatmospheric that 

suction or cupping effect would be present which would withdraw 
HUid from the capillaries and lead to pulmonary edema This condi 
tion occurs rarely 

(c) A Reduction of Colloidal Osmotic Pressure of the Blood —If the 
t^olloidal osmotic pressure were suddenly reduced the capillary pres 
sure might exceed it and thereby produce pulmonary edema This 
*uay play a part in the production of pulmonary edema incident to 
tne excessive administration of intravenous glucose or saline The nse 
•u the capillary pressure as the result of the sudden rise in blood vol 

IS probably the major factor however For example Altschule** 
ound that 1800 cc of 09 per cent sodium chloride could be given 
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intravenously in 40 to 185 minutes to normal adults with no signs ol 
pulmonary edema, while 1000 cc given m 50 minutes made patients 
with congestive heart failure much worse 

(d) An Increase m Capillanj Fermcflhtht t/ —Capillary permeability 
IS increased by prolonged tissue hypoxja as m inadequate ventilation 
during a thoracic operation by trauma cither surgical or accidental 
by intection as in pneumonia, by ischemia, as in an infarct and by 
irritating gases such as nitrous fumes and phosgene Blast injuries 
produce lung trauma due to the fact that the wave of pressure is 
transmitted to the thorax before it reaches the alveoh by way of the 
trachea If the wave were to hit the lung tissue externally and in 
ternally at the same time, the lung itself would not move and there 
fore would not be traumatized 

Treatment of Pulmonary Edema— The treatment of pulmonary 
edema may logically be discussed by attempting to reverse the four 
chief factors tending to produce edema 

(a) Pulmonary capillary pressure may be reduced by suddenly re 
ducing blood volume This is best done by venesection which is often 
helpful in cardiac failure and might be helpful if pulmonary edema 
were precipitated by overtransfusion following pneumonectomy 
The pulmonary capillary pressure may also be lowered at times by 
trapping blood in the peripheral circulation by applying to the thighs 
blood pressure cuffs inflated to the point of allowing blood to enter 
but not to leave these extremities 
Any measure which dilates systemic vessels results m the redistnbu 
tion of blood away from tlie lungs and toward the systemic circulation 
Aminophylline probably acts by dilating systemic xessels and sunul 
taneously stimulating the left ventricle to pump blood more vigor 
ously out of the lungs 

(&) The production of positive pressure withm the lungs ^vill op 
pose the outward filtration pressure produced by the capillary blood 
pressure Pressure breathing has been used m the treatment of pul 
monary edema of various etiology We believe that it is of no value m 
pulmonary edema caused by irritant gases Sufficient objective evi 
dence has not yet been obtained upon which to evaluate pressure 
breathing therapy m pulmonary edema due to trauma^’ or to conges 
tive heart failure Pressure breathing appears to be of definite value 
only in overcoming the bronchoconstriclion of asthma Its employ 
ment m cases of pulmonary edema should be regarded as an inves 
tigative problem 

(c) An acute increase of pulmonary blood osmotic pressure pro^ 
ably has no practical usefulness in treating pulmonary edema It 
hypertonic plasma were used it would increase the blood osmohe 
pressure and fluid would be draxvn into the circulation However this 
would increase the blood volume and consequently the pulmonaiy 
capillary blood pressure which m itself would tend to produce pul 
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Dionary edema We have seen a patient \Mth nephrosis given a large 
dose of acacia with the thought of producing diuresis The blood 
volume increased so rapidly that the patient developed severe pul- 
monary edema His life was undoubtedly saved by an emergency 
phlebotomy 

id) Little can be done to reduce the permeabihty of tlie capillary 
wall injured by trauma, irritating gases or ano\n e\cept removal of 
those factors which originally injured the capillaries, and adminis- 
tration of oxygen Administration of 100 per cent oxygen may in itself 
lead to pulmonary edema if used continuously for twenty four to 
forty eight hours When it is necessary to employ oxygen for long 
periods, it is probably best to use not more than 60 per cent oxygen 
5 Late “CompenBalory Emphysema’’ following Pneumonectomy 
miliout Thoracoplasty.— When a total pneumonectomy has been 
done without drainage and infection does not occur, the pleural cav- 
ity gradually becomes filled with scrum which clots and retracts to 
form a fibrothorax As the retraction lakes place over a period of sev- 
eral months, the mediastinum is pulled over and the remaining lung 
Js greatly overdistended This is not true hypertrophy but a type of 
emphysema This “compensatory emphysema” corrects the anatomical 
defect but in so doing produces a physiological one, since as with all 
types of emphysema the efficiency of the lung is reduced Coumand 
and Berry'® and Coumand and Lester*® have shown in adults and 
children that the respiratory reserve following pneumonectomy is 
greater if a thoracoplasty has been done to prevent the shift of die 
mediastinum and overdistention of the remaining lung 
It would seem therefore that a thoracoplasty should always be per- 
lormed following total pneumonectomy However, one is often reluc- 
tant to advise another major operation when the patient has just had 
s pneumonectomy \Vhen one is dealing with carcinoma and an un- 
certain life expectancy one is even more hesitant to use up part of 
hat life expectancy with an elective thoracoplasty On the other 
®nd, the evidence is clear that overdistention of the remaining lung 
JS harmful We therefore feel that it is wise to advise thoracoplasty fol- 
owing pneumonectomy in nonmalignant disease, especially m young 
people with long lives ahead of them 

SUBIMARY 

Certain physiological problems pertaining to thoracic surgery have 
been reviewed 

J physiology of the open thorax has been discussed 

In order to employ controlled respirations, spontaneous respira- 
'''^vements may be stopped by anesthetic agents which depress 
respiratory center, by overvenblation, or by curanzing 

® The recognition of acute pulmonary insufficiency is often dhfficult 
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Cjanosis and dyspnea may not be reliable indices The arterial orygen 
saturation is the most reliable simple method of determining the effi 
ciency of the lungs 

4 Factors which may reduce pulmonary elBciency ha\e been dis- 
cussed These are (n) improper ventdation of the lungs due to factors 
outside the lung such <as mediastinal shift or paradoxical movement of 
the diaphragm or mediastinum, {b) mucus in the tracheobronchial 
tree leading to atelectasis, (c) postoperative pain, (d) postoperative 
pulmonary edema The pulmonary efficiency maj also be reduced 
months after pneumonectomy by “compensatory emphysema” if a 
thoracoplasty has not been done 
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JOVATIIAN E RiIOADS, M D * 

In the care of tliyroid disease physiological study has often led 
directly to improvements in therapy and to reduction in mortality 
For this reason a consideration of tlie physiological aspects of the 
subject inevitably includes a consideration of such important therap 
eutic advances as the use of iodine, certain of the pre and postop 
erative measures which have lowered the surgical mortality, the use 
of thiouracil and the use of radioactive iodine 

First however, it is well to point out that hyperthyroidism probably 
may arise by two mechanisms In nodular toxtc goiter, one or more 
areas in the thyroid gland appear to grow and to function more or 
less independently of the rest of the body The hormonal matenal 
formed m such areas is absorbed into the blood stream and affects the 
remainder of the body According to this interpretation nodular tone 
goiter acts by much the same mechanism as parathyroid adenoma 
island adenoma of the pancreas and other primary tumors of endocrine 
origin Diffuse toxic goiter, on the other hand, is believed to result 
from a disturbance in the endoenne system not confined to tlie thyroid 
gland * The thyrotropic hormone produced by the anterior pituitary is 
a necessary agent in bringing about the increased thyroid activity* 
The effects on the body of both forms of hyperthyroidism 
nearly the same that they cm properly be discussed together The 
differences between the tw o conditions will be commented upon first 
The exophthalmos, so characteristic of diffuse toxic goiter, is not char 
actenstic of nodular toxic goiter After subtotal thyroidectomy for 
diffuse toxic goiter, exophthalmos occasionally increases and may 
even go on to comeal ulceration and loss of one or both eyes (maug 
nant exophthalmos) In guinea pigs Marine and Rosen® have been 
able to produce exophthalmos by total thyroidectomy and the injet^ 
tion of anterior pituitary extract at regular intervals * The rationale 
of this procedure is that loss of thyroid function causes the antenor 
pituitary to produce excessive amounts of thyrotropic hormone It is 
postulated that the exophthalmos is produced as a by product of th® 
hyperfunction of the antenor pituitary Exophthalmos does not result 
from the administration of thyroxin 

The theory leaves certain matters unexplained such as why maug 

From the Ilamson Department of Surgical Research School of Medicme 
University of Pennsylvania Philadelphia . t 

• Assistant Professor of Surgery and Surgical Research Assistant Director o 
Ilamson Department of Surgical Research University of Pennsylvania 

1454 



PATHOLOGIC ril^'SIOLOcy OF HVPERTHVnOIDISM 


1455 


naut exophth'ilnios is so rare after subtotal thyroidectomy and why in 
so many instances the exophthalmos slowly recedes over a period of 
many months following operation TIic older view of clinicians was 
that subtotal thyroidectomy brohc a vicious circle and allowed the 
body to readjust toward normal Perhaps when more is known about 
the factors affecting pituitary function, tlie explanation of these dis- 
crepancies Will be evident 

Another difference between diffuse toxic goiter and nodular toxic 
goiter lies in the response to roentgen therapy The former, in general, 
responds more satisfactorily than does the latter 

For many years it has been taught that the administration of todme 
to a patient with nodular nontoxic goiter leads to the appearance of 
toxicitv As a high percentogc of nodular nontoxic goiters become 
tovic without lodme medication, it is not easy to prove tlus impression 
As far as we are aware, no satisfactory statistical data exist to sup- 
port it The goitrogenic action of iodine has been contested by Rien- 
hoff5 Nodular toxic goiters, liowever, respond well to iodine when 

IS used in preparation for operation, with a reduction in basal 
metabohsm almost as satisfactory as that observed in diffuse toxic 
goiter 


Cardiac symptorns are more prominent in nodular toxic goiters than 
m diffuse toxic goiters This is, no doubt, due at least in part to the 
mgher mean age of patients with the nodular variety Pose® has re- 
cently reviewed this subject and reemphasizes the occurrence of cer- 
tain cases in which the cardiac symptoms appear to arise before the 
basal metabolic rate exceeds normal limits 
Except for related compounds that probably represent precursors, 
thproxm is the only hormone known to arise in the thyroid gland It 
ivas purified by Kendall,' and the structural formula was determined 
2nd the compound prepared synthebcally by Harington and Barger ® 
while there has been considerable speculation regarding the possibil- 
ity of other hormones, so far none has been demonstrated, and thy- 
roxin reproduces the symptoms of hyperthyroidism fairly well m ani- 
except for the exophthalmos 

The basic function of thyroxin is to increase the metabolism of the 
individual cell as measured by the oxygen consumption One milligram 
thyroxin increases metabolism by about 1000 calories in a normal 
adult 2 Hyperthyroidism, therefore, puts an added load on what may 
e termed the transportation systems of the body Thus the respiratory 
exchange is increased, the heart rate is increased, usually the systolic 
pressure is elevated and the pulse pressure is widened This may pro- 
nce a capillary pulse which can be seen when a nail bed is partially 
anched by pressure It may produce the Comgm pulse at the wnst 
Traube’s pistol shots upon <iuscuItation over the femoral artery 
2 the groin If the load on the heart is too heavy and continues too 
cardiac decompensation will result Slight anWe edema and dysp- 



1456 


JONATHAN E lUIOAlA 


nea on mild exertion are common even in patients who do not develop 
the more severe signs of decompensation The heart usually enlarges, 
most of the enlargement being due to left ventricular hypertrophy 
The apex impulse is exaggerated and subjectively the patient com 
plains of p ilpitation Extrasystoles commonly develop, and auncular 
fibrillation is not infrequent and may lead to rapid decompensation 
which IS often alleviated with remarkable promptness by digitaliza 
tion and slowing of the apical rale Tlie thyroid hormone also acts 
directly on the heart itself as indicated by acceleration of the rale in 
preparations of animal hearts m vitro 

The cardiac rat ’ . • • . hrtnc, a fact utilized 

by Goetsch-* as a ■ 'st is now discarded 

as It IS generally ' diagnosis, and it is 

considered not to be without danger Probably related to this fact is 
tlie observation that sudden death believed to be due to ventricular 
fibrillation may occur in hyperlhyroid patients if they are anesthetized 
with cyclopropane It has been shown'^’ that ventricular fibrillation 
could be induced in ammals anesthetized with cyclopropane if epi 
nephrmc was administered intravenously 
Epinephrine should, therefore, never be mixed with solutions of 
local anesthetics used in hypcrthyroid patients, and most anesthetists 
now avoid cyclopropane anesthesia .alone m this group of patients 
It IS considered less dangerous from this vicvvpoint if ether is added 
One might expect an incfe.ase in the liemoglobm such as is observed 
in chronic cardiac disease, but this seldom occurs Probably the body 
IS at a disadvantage in the production of hemoglobin due to the de 
mauds of the tissues for unusu.ally large quantities of food to meet the 
accelerated metabolic rate While at first the appetite is increased and 
the food consumption of the patient is often n matter of surprise and 
concern to the patient’s relatives, weight loss is the rule and may in 
severe cases mount to 30 to 40 per cent or more of the body weight 
One of the food requirements which is increased by hyperthyroidism 
is the requirement for thiamine Unfortunately the American dietary 
contains a very limited excess of this vitamin estimated to be perhaps 
only 60 per cent above basal requirements In hyperthyroidism the 
basal requirement may be doubled, and signs of thiamine defiaency 
frequently supervene and distort the disease picture Thus, anorexia 
may develop in the later stages of hyperthyroidism This, of course, 
completes a vicious circle, .and such patients are usually very poor 
risks when seen by the surgeon To what extent other relative vitamin 
deficiencies occur is not fully knowm Prothrombin deficiencies occur 
commonly after thyroidectomy, and Lord and Andrus^^ have recom- 
mended the administration of vitamin K It is probable that this 
change is associated with hepatocellular injury which was demon- 
strated by Boyce and McFetndge*'’ with the hippunc acid conjuga- 
tion test for liver function 
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Diarrhea is common in severe cases and to what extent vitamin 


deficienaes enter into its etiology is not known 

A frequent sign of protein depletion is a mild hjpoproteinerma 
Bro\vn and Mecray^® observed a difference of 0 82 gm per 100 cc m 
the plasma protein level of hyperthyroid patients between the samples 
of plasma obtained preoperatively and the samples obtained three to 
SLX months after thyroidectomy \VliiIe this difference is moderate, it 
undoubtedly signifies a considerable depletion in the readily available 
protein in some of the patients The amount of protein required for 
nitrogen equilibrium in hyperthyroidism under conditions in which 
the high caloric requirements of the patient are met by carbohydrate 
and fat has not been accurately delemuned Undoubtedly much of 
the wasting observed clinically is due to the catabolism of body pro- 
tein to meet caloric requirements when the intake of food is insu£B-» 
cient for this purpose 

The hepatic damage in hyperthyroidism may well be due to several 
factors Undoubtedly the work of the liver in intermediary metabohsm 
is greatly increased as the metabolic requirements of tissue in- 
crease A direct effect of thyroid hormone on the liver cells is another 
possible factor The progressive loss of body protein and the relative 
deficiency of certain vitamins appear to be adverse factors Other pos- 
sible factors are the circulatory changes and the disturbances in the 
intestinal tract ^Vh^le it is not possible at present to state which 
factors are the most important, it is clear that the liver tends to be- 
come embarrassed m hyperthyroidism From this standpoint, therapy 
should include the administration of an excess of the known vitamins— 


Parbcularly the components of the B complex, and a caloric intake m 
excess of the high requirements indicated by the size of the patient 
and his basal metabolic rat? with a liberal allowance of protein In 
tins clinic approximately 20 per cent of the total number of calones is 
provided m the form of protein, and most of the remainder is pro- 
vided in the form of carbohydrate 

The nervous symptoms of hyperthyroidism are often the most prom- 
inent, and while it is easy to imagine how they might arise in indi 
viduals who are constantly frustrated by weakness and fatigue, it 
^ould serve no useful purpose to enlarge upon such possibilities here 
Suffice it to say that these manifestations are deeply colored by the 
personality of the individual and in some cases of severe hyperdiy- 
roidism they are almost completely lacking (apathetic goiter) Expe- 
rience has taught clmicians to be especially wary in assessmg the risk 
of operation m such individuals 

A direct effect of the increased metabolic rate of hyperthyroid pa- 
rents IS their intolerance for hot weather In order to dissipate the 
excessive heat produced by their metabolic processes the skin is char- 
nctenstically warm and moist They tend to perspire excessively if the 
®niperature rises and they are often more tolerant of cool environ- 



1458 


JONATHAN E lUlOATS 


ments than tliey were before the disease developed The body tem 
perature is usually held close to normal unless ‘ crisis’ develops, but 
mild elevations of 99° to 99 6° F are common m hot weather 

The relation of thjTOid activity to the blood iodine level has re- 
ceived considerable attention in recent years The absolute values are 
low, 10 to 12 micrognms per 100 cc but in hyperthyroidism the 
values average perhaps two to three times this amount Accordmg to 
Lahey,*^ however, the values are not ele%ated preoperatively in all 
cases, and the tendency for thyroid disease to recur is much higher m 
this group It is largely confined to those cases in which the level 
rises postoperatuelj 

Immediately following thyroidectomy there is a marked nse m the 
urinary excretion of iodine, but this is a nonspecific effect commonly 
occurring after other operations 

While the study of blood iodine levels has added much to our 
knowledge of the physiology of the thyroid gland, it does not appear 
to be needed for the routine management of clinical hyperthyroidism. 

. TimtoiD cnisis 

Thyroid crisis is a poorly delimited condition characterized by rapid 
advances m pulse rate and lemperaluro and usually terminalmg m 
death The blood pressure tends to fall and the patient may be rest 
less, excited or delirious It may occur in the unoperated patient but 
IS seen most frequently after operation, the onset usually commg in 
the first forty eight hours Fatal thyroid crisis is fortunately rare with 
present day methods of treatment Some physicians use the term for 
any severe postoperative temperature nse Others reserve it for cases 
in svhich life definitely appears to be threatened Obviously there is 
no sharp line of division but we have preferred to reserve the term 
for the severe cases and have observed that recovery is the rule if the 
patient’s mental condition remains nonnal or If the pulse remains 
below 150 Little is kno\vn about the exact changes that occur, 
seems as though metabolism becomes so rapid that the body is unable 
to dissipate the heat produced with the result that the temperatoe 
rises and accelerates tissue metabolism further Tlie vicious circle thus 
produced can readily lead to the fatal result and apparently does so 
in heat stroke A somewhat similar picture occurs in liver shock, and 
some mveshgators have considered the possibility that failure of the 
already damaged liver may play an important role m fatal cases o 
thyroid crisis As in heat stroke and m some cases of liver shock the 
appheataon of cold in amounts sufficient to reduce the body 
ture promptly has been very valuable in incipient cases of th;)^oia 
crisis The rationale of this therapy rests on a sound experimental basis 
in that elevations m body temperature have been showai to increase 
basal metabolism approximately 8 per cent per degree 
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ygen therapy is employed continuously to assist the body in pre- 
;ng tissue anoxia. Glucose is given continuously by vein in order 
d in meeting the metabolic requirements of tlie body. After opera- 
for hyperthyroidism intravenous infusions of 5 or 10 per cent 
3se were routinely employed by Frazier in tliis clinic after 1928. 
use of higher concentrations of glucose was recommended by 
!y in 1936.^® 

E ACTION OF CERTAIN TIIERArEUTIC AGENTS IN IIYPERTHY. 
ROlWSM 

fdiation therapy is believed to injure the endothelial lining of 
1 blood vessels leading to the obliteration of some of them xvith 
esult that the blood supply of irradiated tissues is reduced. Con- 
able fibrosis generally results. There may also be a direct effect 
le secreting cells in the thyroid. The effect of e.xternal roentgen 
ipy is usually delayed so that one has to wait perhaps four weeks 
are to observe the maximum reduction in the basal metabolic rate, 
cently, however, Hertz and Roberts'® and Chapman and Evans" 
taken advantage of the fact that 80 per cent of a small dose of 
le is fixed in the thyroid within a few hours after ingestion pro- 
i that the patient has received no iodine medication during the 
iding four weeks. The radiOactioe iodine produced by bombard- 
: of metallic tellurium by means of the cyclotron was given orally 
resulted in internal irra^ation of the Chyroid. 
lere has been some concern lest the radioactive iodine exert a 
nogenic effect in the thyroid, but this had not occurred in the two 
5 reported. 

le action of ordinary iodine in hyperlhyroid disease has been of 
?reatest importance and has made the surgical treatment rela- 
f safe. It was originally suggested by the work of Marine and 
lart" and received wide clinical application by Plummer'® at the 
a Clinic. 

administration is followed by a rapid deposition of colloid in the 
of the gfanef. Grossfy the gland becomes firmer. The hyperplastic 
lelium becomes less hyperplastic and this change is accompanied 
fall in the basal metabolic rate. The decline usually reaches a 
mum in ten to twenty days, and thereafter the basal metabolism 
5 to level off somewhere between the original level and the mini - 
I level. 

‘s safest time for surgery is, of course, at the minimum level, and 
■nts who may require thyroidectomy should not be treated with 
■e except in preparation for operation. After they have received it 
^oger periods they are "iodine-fast." 

1943 Astwood-® introduced thiouracil in the treatment of hyper- 
Jimsm. This drug interferes xvilh the formation of thyroxin by the 
The gland becomes markedly hyperplastic yet the basal 
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metabolic rate falls slowly and if administration of the drug is con 
tinned it will generally reach the levels of hypothyroidism The rate 
of fall on ordinary doses of the drug is slow of the order of 1 point 
per day m the basal metabolic rate The effect may be delayed if the 
patient has received previous iodine medication and has thus accumu 
lated a store of thyroxin 

About 14 to 20 per cent of the patients receiving this drug develop 
unfavorable reactions to it necessitating its withdrawal The most 
important and one of the most frequent of these reactions is agranulocy 
tosis Fatalities have been reported as the result of this and the num 
her may well increase if vigdance in following the blood count is re 
laxed Unfortunately agranulocytosis may develop even after a pabent 
has taken the drug for long periods without difficulty Pemcillin has 
proved of value m reducing the mortality of those patients who de 
velop this complication * 

This uncertamly m the side effects of thiouracil has restricted its 
use in many clinics to the preoperative preparation of lodme fast and 
iodine sensitive patients and to the preparation of very severe cases 
which formerly required two stage operations There are a number of 
drugs with a similar effect thiobarbital and propyl thiouracil are per 
haps the most important tested thus far The incidence of unfavorable 
reactions is about the same for thiobarbital but appears on the basis 
of limited experience to be decidedly lower for propyl thiouracil If 
further experience substantiates this claim the latter drug may well 
supplant the earlier one 

After preparation with these drugs the gland is hyperplasbc and 
much more difficult to operate on than the gland of a patient prepared 
with iodine For this reason where no contraindication to the use of 
iodine exists many surgeons give iodine for the last week or ten da>^ 
to patients who have been prepared up to that point with thiouracil 

Should a drug be developed which would suppress thyroid activity 
controllably and for an indefinite penod of time without unfavorable 
side reactions it would presumably make surgical excision unneces 
sary m most diffuse toxic goiters The nodular goiters would still re 
quire excision because of the occurrence of malignant disease m 5 to " 
per cent of such glands ^ , 

While iodine is still the safest drug m the preparation of the orm 
nary patient with hyperthyroidism it should be noted that it is capable 
not only of producing skin rashes but of producing hyperthermia in 
sensitive individuals Barker and Wood ® reported several instances of 
this m 1940 and we have subsequently had occasion to observe two 
such cases 
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PATHOLOGIC PHYSIOLOGY OP HYPERPARATHYROIDISM 
H P RoYSTEH, M D • AND Cecsua Riecex, Ph D t 

The chmcal entity of hypeiparathyroidism has been established on 
a firm anatomic and chemical basis The original clinical descriptions 
of the early cases’ - ® have been amply con&rmed by further reports 
Von Recklinghausen^ described (he pathology of the bones in this 
disease Castleman and Mallory* dearly demonstrated the pathological 
changes in the glands and classified them in a highly pracbcal form 
Cope® later proved that hyperparathyroidism never occurs in the 
presence of normal parathyroid glands 
The chemical changes induced by the parath>Toid hormone areuell 
known— an increased blood calcium, a reduced blood phosphorus, and 
an increased urinary excretion of both These effects not only are 
noted m patients with h^'perparathyroidism but may be reproduced by 
injection of the hormone into human beings and into animals^ The 
blood phosphatase is usually elevated when bone changes are present 

MECIIAMSM OF ACTION 

The action of the parathyroid hormone is thought at present to be 
initialed only by chemical or humoral stimuli Significant fluctuations 
in the volume and weiglit of the paratliyroid glands have been pro- 
duced by varying the amounts of calcium, pliosphorus and vitamin D 
in the diets of rats « By meins of cross perfusion experiments reduction 
in blood calcium was found to stimulate the glands to activity ® Drag- 
stedt’° was unable to delect a change in the blood calcium upon pro- 
longed stimulation of the sympathetic nerve supply to the glands 
Attempts to show an influence upon the parathyroids by otlier endo 
enne glands have been unsuccessful 
The focus of action of tlie hormone was originally thou^it by CoUip^ 
to be on bone Albright*® contended tint the action was primarily on 
the kidney Recent experiments indicate that the hormone may act on 
both simultaneously Hypercalcinuria may be detected shortly after 
administration of a dose of parathormone in botli human beings and 
animals Histologically lesions in the bones of animals are noted within 
twenty hours after injection of the hormone ’’ 

The continued operation of the biochemical processes initiated by 

From the Hamson Department of SuiEical Besearch, School of Medione, Uw 
versity of Pentisylvama, and ibe Department of Surgery of the Hospital of 
Umversity of Pennsylvania, Philadelpl^ . 

• Associate m Surgery, School rf MedSane, University of Pennsylvania ao 
Hospital of the University of Pennsylvaida, Considiant in Phstic Surgery, AUrea 
I C^Pont Institute, Wilmington, Delaware 

^ Associate, School of Medicine Umveisify of Pennsylvania, PhilaaeipWa 



PATHOLOGIC rilYSIOLOGY OF lIYPEnrARATHYPOIDISM J.4bO 

hyroid hyperactivity eventually produces a series of complications 
h may ultimately result in death unless the h>'perparathjToidism 
rgically relieved. The glandular liyTcractivity results in the with- 
al of calcium from the bones, Tlic mobilized calcium is eliminated 
e urine rather than in the feces, and varying amounts may be de- 
ed in the kidney parench)!!^ to remain as such or to form pelvic 
s. The sequelae in untreated cases may be multiple fractures 
igh c)'stic areas in the bones, numerous skeletal deformities, renal 
;li, urinary tract infection and, at times, fatal renal insufficiency. 

CLINICAL TITES 

mptoms due to the metabolic disturbance itself are of a general 
•e and do not direct attention to the parathjToid glands, Hyper- 
mia may induce weakness, sluggishness, constipation, polyuria 
dysuria. Often these symptoms are not present, and, even when 
are, diagnosis is extremely difficult. Tlic first instance of asymp- 


^BLE 1.— INCIDENCE OF inTCnPAnATIlYnOIDISM JN imOUTHIASIS 


Author 

No. of 
Cases 

1 

Types of Cases 

Per Cent 
with 

Hyperpara- 

thyroidism 

ss. Gen. Hosp., 1937 


Calcium phosphate stone 

5.0 

» et al ,« 
yo Clinic, 1938 

1206 

Stone (all types) 

0.2 

Univ. of Pa.** 

13-19-15 

1116 

Stone (all types) 

1 1 


tic hyperparathyroidism, xvith characteristic chemical findings 
id at operation, was accidentally discovered by Keating and 
in confirmation of the earlier prediction of Albright, who 
ipated that such cases might be found, 

e classic variety of the disease with osteitis fibrosa cystica gen- 
ista, once thought to be the sole clinical form, is not so com- 
as is the form associated with urologic complications. Several 
esi2. 13, 14 ijave shown that the complication of renal calcification 
rs in well over 65 per cent of cases of hyperparathyroidism, and 
group far exceeds the number of cases with demonstrable bone 
vement alone. 

tients with renal stones are routinely studied in many hospitals 
iscovery of hyperparathyroidism as an etiologic factor in urolith- 
The incidence of urolithiasis in three series is given in Table 1. 
tjright, Aub and Bauer'’ have emphasized that hyperparathy- 
sm is a disease which is pleomorphic in form and variable in its 
ncal and symptomatic manifestations. The larger number of cases 
^ed by these authors, as well as by Keating and Cook,'- may well 
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be due to the recognition of patients with nunimal findings who would 
not be discovered without special study The incidence of the disease 
from three chnics is shown in Table 2 


TABLE 2 —INCIDENCE OF HYPERPABATHITOIDISM 


No of Cases 

Mass General Hospital *• 

1929-1942 67 

Mayo Clinici* 38 

1942-1945-24 
1929-1942-^ 

Hospital University of Pa** 

1933-1945 13 


DIFFERENTIAL DIAGNOSIS 

The chemical basis for the differential diagnosis of hyperparathy 
roidism has been well described by Albright and his associates ” but 
there are numerous diseases or clinical syndromes which may mimic 
hypeiparathyroidism in certain aspects The first of these is the simple 
cyst of bone The appearance of this cyst on roentgen study may re* 
semble that observed in von Recklinghausen s disease Its presence 
too is often made known subsequent to a fracture In the case of a 
simple bone cyst the calcium and phosphorus of the serum and urme 
are nearly always normal In other instances bones which are the seat 
of metastatic carcinoma may show the same cysUike appearance plus 
extensive demineralixation of the skeleton When hyperparathyroidism 
IS suspected the finding of generalized demineralization frequently 
aids in diagnosis but skeletal decalcification due to other causes may 
occur and when it does is often associated with significant hypercal 
cinuria In the osteoporosis of hyperthyroidism senility or the mcno 
pausal state and m that following immobilization of fractures and 
enforced bed rest calcium is mobilized from the bones the blood cal 
cium may be elevated and there is usually mild to moderate hyper 
calcinuna Albright and his co workers” state that the demineraliza 
tion of hyperparathyroidism is usually accompanied by increased 
blood phosphatase whereas in osteoporosis with failure of reformation 
of bone the value is norma! Only by careful clinical evaluation of die 
patient and repeated blood calcium and phosphorus deternunabons 
can the diagnosis of hyperparathyroidism be established or excluded- 

RENAL INSUFTICIENCY 

The pathologic physiology of hyperparathyroidism may be modified 
in renal insufficiency Severe degrees of renal damage subsequent to 
calcium deposition in the kidney and to superimposed infection are 
seen in the final stage of hyperparathyroidism Phosphorus retention 
and a coincidental reduction of the blood calcium may occur ' ® P^®" 
viously altered blood calcium and phosphorus levels as a consequence 
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may return to wlhm normil bmits Tlie diagnosis on chemical 
grounds, tlierefore, may be difficult Due to tlie renal insufficiency the 
unnary evcretion of calcium and phosphorus may be greatly reduced, 
so that a further aid m diagnosis is absent In such cases tlie clinical 
findings and the presence of a consistently ‘Tiigh normal ’ level of 
blood calcium, as advocated b> Cope,-^ are the chief means of diag- 
nosis 


ERRORS IN DIAGNOSIS 

Review of the records of our patients operated upon for suspected 
hyperparathyroidism discloses eight in whom no tumor was found 
(Table 3) In one of the eight an adenoma was found at a second 
operabon in another hospital In the remaining seven the preoperabve 
diagnosis of hyperparathyroidism was later proved to be incorrect 
As a basis for diagnosis, blood calcium and phosphorus determma 
tions must ba repeated frequently in suspected hyperparathyroidism 
One of the common sources of error is use of the unmry calcium ex- 

TABLE 3 — U^SUCCESSFUL NECK EXPLORATIONS FOR 
inTERPAnATirYROIDlSM 


Diagnosis No of Cases 

Failure to find an adenoma 1 

Osteoporosis of the menopausal stale 1 

Osteoporosis of immobilization for fracture 1 

Renal dwarfism 1 

Frror in metaboLc study I 

Metastatic caranoma of bone 1 

Hypercalcinuna of unkno\vn cause 2 

Total 8 


crebon as a means of diagnosis The calcium balance under normal 
condibons may vary significantly with diet, age and body acbvity^* 
^fetabolic study to determine the unnary calcium e^crebon is usually 
conducted according to the program of Bauer and Aub Great care 
be taken to insure accuracy m feeding the proper diet and in 
collecbng the urme specimens 

A serious mistake was found to have occurred durmg the study of 
oalcmm excretion m one of our patients For a week before and dur- 
the period of unne collecbon large doses of ammonium chlonde 
were administered to acidify infected unne Hypercalcinuna attend- 
ant upon the use of this drug is well known The calcium excrebon 
^mounted to over 1400 mg in a three day metabohe period The 
pabent had bilateral renal stones but presented a normal blood chemi- 
^ picture On the basis of the hypercalcinuna, explorabon for a para- 
^yroid adenoma was done No tumor or hyperplasia was found, dur- 
'^g a SIX year follow-up this pabent has remained well subsequent to 
^ne removal of the calculi This instance clearly demonstrates a com 
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mon error in conducting metabolic studies Another of our patients 
was mistakenly operated upon in search of a parathyroid tumor after 
discovery of a pathologic fracture through a bone lesion which was 
an undiagnosed metastatic carcinoma Although the serum calcium 
was normal, the urinary excretion was four times normal, owmg to 
the rapid mobilization of calcium from the skeleton 

HYTERCALCINURIA IN DIFFERENTIAL DIAGNOSIS 
The increased urinary excretion of calcium found in hypeiparathy 
roidism is often utibzed m diagnosis when the blood findings and 
clinical picture are inconclusive This determination may assume some 
importance in borderbne cases and may be the deciding factor in the 
decision to explore the neck 



Fie 535 

In patients with urobthiasis Riegel, Royster, Gislason and Hughes « 
demonstrated that 14 of 15 pabents studied exhibited hypercalcmuna 
of unknown etiology (Fig 535) These individuals did not have hy^r 
parathyrotdism or any other known cause of the hypercalcmuna The 
excess calcium excretion was associated with moderately impaired 
renal function m 50 per cent of the pabents studied The conclusions 
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dra\vn were that moderately diseased kidneys may excrete abnormally 
large amounts of calcium and that hypcrcalcinuria may not be a re^ 
liable diagnostic sign of hyperparalliyroidism. The renal damage in 
these patients was not severe enough to cause renal insufficiency. 

Serial urinary calcium excretion studies over a period of years have 
been recorded in this clinic in a number of instances. Comparison of 
these studies with those of renal function indicates that, as a rule, a$ 
the renal function becomes reduced the calcium excretion rises. When 
liie stage of marked nitrogen retention, severe temporary damage due 
to infection, or ureteral block is reached, the urinary calcium may be 
reduced and blood phosphorus retained as noted by Albright and his 
co-workers.*^ Figure 536 shows the urinary excretion of calcium and 

Helg^ion of CalciuTn IbccrcHon and Renal runcUon 


Case No. 

ClXTiical "Estimation of 
RENAL rUNCTION 

URINARY CALCIUM 
per 3-d.at; 
TnclaboUc period 

*W d 



1937 

WODERATELV IMPAIRED 

■492 mg 


Cone -1083 


renal calcwu 

Diodrasl clearance • 
Wl-none LI delatjed. 


1946 

MARKEDLY IMPAIRED 

Cone -1018 

VS-P ' AO 

561 mg. 


Fig. 536. 

the state of the renal function of a patient in 1937 and in 1946. After 
a nine year interval following several episodes of recurrent bilateral 
Urolithiasis, the renal function was notably decreased and the urinary 
calcium excretion significantly increased. The initial metabolic study 
Was done with the patient on the regular hospital diet; during die 
ast collection of urine for calcium determination, the daily diet con- 
amed less than 0.1 gm. of calcium. Had the patient been fed the low 
calcium diet in 1937, the initial excretion values in all probability 
would have been near or within the normal limits of 200 mg. during a 
nree day metabolic period. The levels of the blood calcium, phosphorus 
and phosphatase and of the blood urea nitrogen were normal. Thorough 
exploration of the neck and the upper mediastinum with careful dis- 
section failed to reveal a parathyroid tumor. 


., important aspects of the pathologic physiology of hyperpara- 

yroidism are discussed. 


SUJIMAUY AND CONCLUSIONS 
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2 The problems in differentnl diagnosis are presented with speaal 
reference to 

(a) errors in diagnosis of other bone diseases, 

(h) errors in the technic of metabolic study, 

(c) interpretation of the finding of hypercalcmuria 

3 It is shown that calcium excretion may be increased m associa 
tion xvith mild to marked impairment of renal function 

4 Hypercalcmuria alone may not be a reliable diagnostic sign of 
hyperparathyroidism 
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TiiBOUciiotrr the history of medicine, from the days of Hippocrates 
and Galen to modern times, a tremendous amount of writing and ex 
perimental work has been concerned with the heahng of fractures 
Nearly 4000 papers were published on this subject prior to 1910^ and 
many more appeared during World War II Much of this enormous 
literature is concerned with di imctncally opposing opinions and thus 
far a large part has proved valueless in the clinical treatment of frac 
tures let it is only by a thorough understanding of basic physiological 
processes that progress can be made in the practical treatment of frac- 
tures Watson Jones’ says “The principles of die treatment of fractures 
must conform to biological laws and a knowledge of these principles is 
of greater fundamental importance than an acquaintance with the 
mechanical details of splints The training of the fracture surgeon must 
begin with the physiological and pathological reactions of living tis 
sues Only after that does the art of surgery develop with the aid of 
mechanical apparatus and mampulitive technique ” 

A knowledge of the heahng of fractures is important from many 
standpoints Fractures constitute nearly a fifth of all industrial acci 
dents and if the healing time of fractures could be decreased an enor 
mous saving to industry would result Fncture heahng is often a 
serious problem in older people in whom delayed union occurs fre 
quently and with tlie increasing number of elderly persons in the 
population a method of preventing delayed union assumes greater 
importance Of more value to the patient than time saving would be 
the diminution in joint stiffness and soft tissue wasting which would 
be possible if delayed union could be prevented or if the normal* 
healing time could be decreased allo\ving joint and muscle function 
to be resumed earlier 

Recent clinical advances m the mechanical fixation of bone have 
added much to the treatment of fractures but have left the basic prob 
lem untouched Only by a thorough knowledge of the physical and 
chemical factors which contnbule to bone heahng can we hope to 
prevent delayed and nonunion and speed the “normar healing bme 
of fractures 


From the Ilanison Department of Surgical Research School of Med cine Um 
versify of Pennsylvania and the Departmeot of Surgery Hospital of the Umver 
sity of Pennsylvania Philadelphia 

• Assistant InsUuctor in Surgery S<4iool of Medicine University of Pennsyl 
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TIIE ANATOn OF THE HEALING FUACTURE 

Although many dillerent opinions still e’cist over certain details oi 
the anatomy of fracture healing, a fairly clear picture of the basic 
process Ins evolved Until about twenty-five years ago almost all 
studies of fracture healing were occupied with gross and microscopic 
anatomy Then emphasis shifted to physiochemical changes But the 
development of new lustological technics Ins unde possible several 
recent studies^ ^ “ based on both human and animal fractures, which 
have challenged some of the oldci anatomical concepts and added 
significant new evidence 

In general tlie Jiealing of a wound of bone follows tlie same prin 
ciples as the healing of a wound of other tissues, but m addition bone 
healing involves deposition of calcium salts The sequence of events 
may conveniently be thought of in tlie following stages, although there 
IS considerable overlapping of the processes 

1 Tissue Necrosis and Hematoma rormchon —When a fracture 
occurs, the periosteum is lacerated and necrosis takes place m the 
surrounding soft parts A hematoma develops between the fragments 
and in the surrounding tissues, and after several hours becomes a 
blood clot 

2 Fibrinous Clot Formation —Fibrin is laid down within the hemat- 
oma after several more hours, forming a fusiform mass about the frac- 
ture site 

3 Fibrous Tissue Formation —Undifferentiated fibrous connective 
tissue replaces the fibrinous clot by capillary growth from the perios- 
teum, endosteum, Haversian canals, and surrounding soft tissues In- 
flammatory cells infiltrate the clot During these early stages regressive 
changes are taking place m the bone ends and detached fragments 

4 Fibrocartilaginous Callus Formation —Vntil about the fourth day 
healing has been similar to that of any soft tissue wound, but now 
begins the process peculiar to bone Condensation of the fibrous callus 
IS noted, an intercellular hyaline matrix is laid down, and chondro- 
blasts begin to form from fibrous connective tissue cells between the 
bone ends (The amount of cartilage formed is thought to be influ- 
enced by the amount of motion of the bone fragments dunng heal- 
mg— the more motion, the more cartilage ) Large spindle-shaped cells 
appear within the callus, developing either from the proliferation of 
osteoblasts of the periosteum and endosteum, or by metaplasia of con- 
nective tissue cells 

5 Bone Formation from Fibrocartilaginous CoHiis —Fibrocartilag- 
inous callus is replaced with new bone by (a) intramernbranous new 
hone formation and (b) endochondral ossification Intramernbranous 
new bone, replacing the fibrous connective tissue of the callus, is 
termed by proliferation of the large spindle shaped cells desenbed 
above and by intercellular deposition of calcium salts, which begins 
soon after the new tissue is laid down 
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Bone replaces the cartilage between the fragments by the process 
of endochondral ossification The cartilage cells die and calcium is 
laid down in the intercellular matrix Dead cartilage cells are removed 
subsequent to ingrowth of blood vessels, and osteogenic cells invade 
the region and deposit bone matrix 

The latter part of the process of ossification is occupied wth the 
structural reorganization of the callus Excess callus is absorbed and 
the marrow cavity is re formed It has been shown by experiments on 
rats’® that the breaking strength of fractures rises with the formation 
of the primary callus (sixth to twenty first day), and falls with the 
development of the medullary cavity (twenty first to thirtieth day) 
It then shows a slow rise until normal breaking strength is gamed 
(forty fifth day) 

Certain details of this process are still the subject of considerable 
debate Few medical subjects have produced more violent controversy 
than the origin and specificity of the osteoblast Originally the osteo 
blast was thought to have specific power to lay down bone In 1926 
Leriche and Poheard” denied the existence of any specific bone 
forming cell and stated that connective tissue cells were changed into 
bone cells by metaplasia of fibrous connective tissue The expen 
ments of Huggins’’’ demonstrated that under an altered environment 
nonosseous connective tissue may acquire osteogenic properties Bode 
formed m a fascial transplant to the dogs bladder from which urine 
had been diverted and also around a bladder transplant to fascia and 
connective tissue Admitting that bone can form by metaplasia in a 
nonosseous surrounding without the aid of the osteoblast some au 
thorities have stated that the usual method of bone formation at the 
fracture site is through the specific function of the osteoblast’ ’ ’* 
Others” ’® have said that bone cells are formed by metaplasia 
of connective tissue cells Further experimentation must determine 
whether a specific bone forming cell exists and whether it can be 
formed by metaplasia 

Another controversy w’ ’ ’ ’ ’ iv _ ^ n 

of ossification a specie 
indicated that there is 

stance of the callus other than the deposition of calcium salts Many 
believe that this intracellular substance or matrix differs from that of 
ordinary fibrous connective tissue 

TIIE INFLUENCE OF LOCAL FACTORS ON THE HEALING OF 
FRACTURES 

Factors at the fracture site are of much greater importance in de- 
termimng the quality of healing than are general metabolic and coo 
stitutional factors Repeated experiments have demonstrated that 
variations m conditions at the fracture site may influence healmg 
greatly, whereas little change is noted when systemic conditions are 
altered 
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Physioclicmical Faclors.— The physiochemical changes which take 
place at the fracture site have been studied intensively during the last 
hvo decades. In 1923 Robison*’ discovered the enzyme, phosphatase, 
in the ossifying cartilage of young rats and rabbits which, in an acid 
medium, hydrolyzed glycerophosphate and hexosephosphate yielding 
phosphoric acid. Robison postulated that during ossification tliis hy- 
drolysis brought about a local increase of phosphate ions causing 
supersaturation of calcium phosphate; deposition of bone salt tlien 
took place. Robison stated that phosphatase was secreted by osteo- 
blasts and hypertrophic cartilage cells, while others** asserted that it 
\vas the product of dead tissue cells. Considerable circumstantial evi- 
dence has been brought forth to substantiate Robison's hypothesis.*®"-^ 
Because the content of phosphoric esters hydrolysable by phosphatase 
is low in blood plasma, the source of tlic substrate for phosphatase has 
been searched for elsewhere. Glycogen may serve as the source be- 
cause the content of glycogen increases in hypertrophic cartilage prior 
to ossification and disappears during ossification.®*' These inves- 
tigations bring up possibilities for prevention of delayed and nonunion 
and for speeding healing. In e.xperimental fractures some progress has 
been made by Armstrong®* and Blum®* who have accelerated healing 
by local implantation of substrates of phosphatase. Because the con- 
centration of phosphatase is low in infected fractures it has been in- 
ferred that the delayed union which often results is due to interfeience 
'vith the normal action of phosphatase.®® 

The humeral theory of fracture healing, which claims that bone 
fonnation is a biochemical phenomenon independent of direct cell 
participation, has been advocated by Murray.®’ **• **■ ®*' He states 
(hat bone can form anywhere in the body if the following four condi- 
tions are present: (1) tissue death; (2) growth of granulation tissue; 
(3) local concentration of calcium; and (4) proper pH. He has pro- 
duced bone by implantation of calcium sedts in traumatized tissues 
away from bone. He believes that the acid pH found at the fracture 
site in the first few days acts as a decalcifying agent and tliat the 
calcium is held in place by an affinity for the fibrin of the fibrinous 
clot. As the pH is raised by absorption of the necrob’c tissue a point 
** ’^^ched where phosphatase becomes active and calcification begins, 
^though, according to Murray, most of tlie calcium comes from near 
the fracture site, this opinion is not held by Urist and Johnson* who 
h^ive stated that the major supply comes from the blood stream. 

Blood Supply to the Fracture Site,— An adequate blood supply is 
necessary for the proper healing of jfractures. common sites for 
delayed and nonunion in fractures— namely, junction of the middle and 
distal third of the humerus, carpal scaphoid, neck of the femur, and 
junction of the middle and distal tiiirds of the tibia— all have a pre- 
carious blood supply. Johnson** showed that in the repair of fractures 
Or the shaft, the nutrient vessels were the most important for normal 
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healing, (he metaphyseal nett, and the periosteal last Just how circu 
Jation miluences iracture he^ng js not definitely known Murray*'’ 
says it acts by changing the biochemistry of the tissue fluids rather 
than by supplying nutrition to the fracture site 
Mechanical Factors.— Imperfect apposition of fragments, extensive 
tissue necrosis, interposition of mafernl between the bone ends and 
inadequate immobilization are local factors which may cause del3>ed 
or nonunion Considerable clinical and experimental evidence has es 
tabhshed these factors as the most importint causes of poor healing in 
clinical fractures Experiences in World War II emphasized the neces 
si(y of an adequate excision of all devitahzed (issue (o prevent infec- 
tion and promote optimal healing in gunshot fractures Swart®' found 
that the most significant factor in the rate of healing in expenmental 
fractures in animals is the degree of apposition of the fragments, and 
Watson Jones® said, ‘ There is only one cause of nonunion of fractures 
witli continuous hematoma between the fragments— die cause of non 
union IS inadequate immobilization ’ 

Metals Used for Internal FiTalion.— Venable” and Key*® have 
recently warned against the use of rawed types of metals for the ui 
temal fixation of bone When Afferent elements are placed in bone 
an electrical force is generated by the creation of a battery, and cor 
rosion of the bone occurs, a process termed by Venable "electrolyte 
osteitis ” The danger is especially great when both stainless steel and 
vitallium are used at the same operation, and it is imperative for a 
hospital operating room staff to axoid mixing plates and screws of 
different composition and to supply only alloys which are knoivn to 
remain passive in tissues 

IIVFLUEIVCE OF CE^•E^Al. METABOLIC AND CONSTITtn’/OVAL 
FACTORS OV FRACTURE HEALING 
Calcium and Phosphorus Melabolism-— Since the discovery of 
methods for determinmg calcium and phosphorus concentrations m 
body fluids numerous attempts have been made to assess the impor 
tance of these elements in the healing of fractures In 1924 Peterson*® 
concluded from experimental and clinical observations that there was 
a definite relationship between Iheir concentration in the blood ana 
bone formabon If the product of (he calcium and phosphorus levels 
m the blood dropped below SO nonunion occurred, delayed union 
resulted between 30 and 55, and opbmal healing occurred with a 
product betxveen 35 and 40 Studies made in this cbnic by Eavom 
and Jonas” and Ravdin and Xforrison** did not confirm these observa- 
tions No definite correlation between the blood levels of calcium or 
phosphorus and bone healing xvas found in an analysis of a senes or 
clinical fractures in normal individuals and experimental fractures w 
dogs Subsequent experience has venfied these findings Study ot 
calcium and phosphorus balances Jias not clarified the problem M 
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though negative calcium and phosphorus balances were sho\vn to 
occur following fractures, addition of these elements to the diets of 
experimental animals or to the well balanced diet of patients with 
fracture has not improved fracture healing On the other hand, large 
doses of calcium may actually inhibit healing 

Opinions differ concerning fracture healing in rachitic bones and 
the role which vitamin D plays According to many textbooks rachitic 
bones heal promptly Several investigators'*®^^ observed retarded heal- 
ing in rachitic bones of animals, which could be improved by addition 
of vitamin D to the diet It is unlikely that vitamin D deficiency plays 
a significant role in delayed fracture healing in humans The knowl- 
edge that an overdose of vilamm D may cause delayed or nonunion 
seems of more clinical importance 

Injections of parathormone hav'c been tried in cases of delayed and 
nonunion on the theory that parathormone would raise the level of 
calcium in the blood thereby making it available for deposit at the 
fracture site Botli clinical and experimental results showed the futil- 
ity of such injections, apparently parathormone draws calcium from 
the callus just as from the rest of the skeleton 

Protein Metabolism.— Fracture healing is intimately connected 
'vith the growth of connective tissue and one would expect to find it 
affected by variations in protein metabolism Studies in this depart- 
ment have shown that hypoproteinemia produces delay m the healing 
of soft tissue wounds in dogs ** Since then it has been conclusively 
demonstrated that an adequate dietary intake of protein is of great 
practical value m tlie healing of soft tissue wounds of humans Rhoads 
and Kasinskas,^’ working m this laboratory, observed that severe 
hypoproteinemia m dogs retarded the formation of bony callus after 
experimental fracture In clinical fractures, however, hypoproteinemia 
has not been demonstrated to be a significant factor m causing delayed 
and nonunion 

Several very provocative investigations have recently been made of 
protein metabolism after trauma Nitrogen balance studies of Jloward**^ 
showed that the average loss of nitrogen in a group of patients with 
hacture was 225 gm over an average period of thirty five days A 
smaller loss of nitrogen following osteotomy than following fracture 
was an interesbng observation The loss could not be accounted for 
by fever per se, atrophy of disuse, or loss of muscle substance at the 
site of injury, but was probably related to the effects of the products 
of devitahzed bssue on general body metabolism^® Cuthbertson®® 
made the interesting observation that massage and passive motion of 
a limb reduced the nitrogen excretion after fracture This may have 
practical importance and may place added emphasis on early ambula- 
bon, active motion, and other physical therapeutic agents m the treat- 
ment of fractures 

General metabolic factors are of greater importance m compound 
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than in simple fractures, particularly m chronically infected compound 
fractures Studies made in the Army during World War II by Lyons®^ 
revealed that patients with chronically infected gunshot fractures had 
considerable deficiencies in hemoglobin, red blood cells and tissue 
protems, associated with a decreased blood volume and an increased 
interstitial fluid volume Diet alone was effective in producing a posi 
tive nitrogen balance m these patients, but control of the infection 
was necessary before a regeneration of hemoglobin and red blood cells 
could be produced, tissue proteins replaced, and normal fracture heal 
ing instituted 

Carbohydrate and Fat Metabolism.— Careful studies of the effect 
of diet on the breaking strength of fractured fibulas in rats have been 
made by a group of investigators at Yale® ® Both a 

high fat and a high carboh>drate diet were somewhat detrimental to 
fracture healing 

Vitamins —The effect of vitamin D on fracture healing was dis 
cussed above By using labeled radioactive strontium Copp‘* showed 
that when a vilamm A deficiency existed m experimental animals the 
fracture callus was smaller and calcificabon less active Mellanby®* 
stated that the function of vitamin A was to control the acbon of 
osteoblasts Vitamin C deficiency results in a dimmut/on of the amount 
of connective tissue callus following a fracture but has no effect on 
calcification Considerable deficiencies of vitamins A and C must be 
present before these results are noted Supplements of vitamins A and 
C are needed only when hypovitiminosis exists and their addibon to 
the normal diet is of no value m frachu-e treatment Deficiencies in man 
rarely, if ever, are severe enough to cause delayed or nonunion 

Ilormones.— The healing of fractures is not significantly influenced 
by hormone therapy, according to mvestigabons made up to this tune 
Pollock®® reported that estrin accelerated osseous union but Brush®* 
found retardibon of fracture healing %vhen stilbestrol was given to 
rats 

Constitutional Factors —Murray’® has stated that delayed and non 
union occur m places not in people Constitutional factors appear 
surpnsmgly unimportant in causing delayed and nonunion in man 
and even the general state of health seems to influence fracture heal 
ing only slightly The delayed union which is commonly seen in the 
elderly, however, will become an increasingly important problem m 
surgery In 1940 there were 9000000 persons in the United States 
aged sixty five or o\ er, but by I960 it is estimated that the number 
will have increased to 13600000*® The prevenhon of delajed union 
m the elderly offers a real challenge to the surgeon treabng fractures 

While serving with the 20th General Hospital in India during World 
War 11 I had an unusual opportumly to observe clinically the influ 
ence of general and constitubonal factors on the healing of fractures 
Both Chinese and American casualhes were cared for during the 
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Burma C impugns and 'i large percentage of the patients ^^lth frac 
hires were obseiaed from the time of wounding until healing took 
place The average American soldier was in much better general con 
dition than the Chinese, he was shghtl> joungcr, his diet was more 
nutritious especially in calcium and vitamins he showed a lower m 
adence of associated medical diseases and his level of circulating 
hemoglobin and red blood cells was higher The hospital treatment 
of the two groups was identical however Compound fractures of 
the humerus and femur of both races were carefully analyzed®^ 
(Table 1) The average time of bonj union as evidenced by clinical 


TABLE 1 — COMPAIIISON OF FIlACrUIlE IlEAUNC IN QIINESE ANT) 
AMERICAN SOLDIERS 

(142 Compound Fractures from the North Burma Campaign) 





1478 WnXlAM T FTTTS, jn 

2 The assunnce of a good blood supply to the bone fragments 

3 Immobilization of the bone fragments until healing of the frac 
ture has occurred 

4 Active motion of all parts of the body not required for immobih 
zation of the fracture 

5 A well balanced diet with special attention to proteins There is 
no indication for supplementary calcium phosphorus or vitamm D 

6 A thorough debridement of compound fractures with institution 
of chemotherapy, early replacement of blood loss and a diet high in 
protein and vitamin C 

Open reduction with internal skeletal fixation is advantageous when 
adequate reduction and fixation cannot be obtained by closed methods 
and when early joint funebon is vital The dangers of Internal skeletal 
fixation— infection damage to blood supply, and electrolytic osteihs- 
must always be weighed against the advantages 

At present no substance has been introduced which ivhen given 
generally or locally to normal fracture patients will speed healing sig 
mficantly The surgeon treating fractures should not be complacent 
Experimental work has pointed out several possible avenues in which 
speedier healing may be effected and before many years a decrease 
of normal healing time should be acwimplished 

SUMAUnV 

1 The surgeon treating fractures must be thoroughly familiar with 
the principles of fracture heahng 

2 Anatomical stages in the heahng of fractures are (a) tissue necro 
SIS and hematoma formatiou (b) fibrinous clot formation (c) fibrous 


tissue ' 

'Cl > f » j (g) bone 

format 

nous new 

bone f 



3 General metabolic and constilulioml factors are not as important 
in fracture heahng as factors at the fracture site— viz , mechanical, 
physiochemical and circulatory 

4 The increase of the elderly m the population will make delayed 
union an increasingly important medical problem 
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PATHOLOGIC PHYSIOLOGY OP PUOSTATIC 
OBSTRUCTION 

Bolakd Hughes M D * 

Any discussion of the pathologic physiology of prostatic obstruction 
must concern itself with the evaluation of (1) the reaction and re 
sponse of the smooth musde of the bladder ureters and renal pelves 
to changing liydromechanicai factors and (2) the effect of these 
changes on renal function 

The end result of any obstruction in the urinary tract has its final 
measurement m terms of impaired renal function An obstruction at a 
pelvo ureteral lunction or lower in the ureter acts directly on renal 
parenchyma producing hydronephtolic atrophy by rpeans of pressure 
from pelvic and tubular dilatation and by superimposed anemic 
atrophy * Increasing prostatic obstruction has the same effect on the 
kidney (but is more lethal because both kidneys are involved) even 
though the result is not so direct due to the interposition of the bbd 
der as a pressure cushion 

NOIIMAL rnYSlOLOCY OF UrilNAItY TltANSronTATlOS AND SOME 
ANATOMICAL CONSIDERATIONS 

Urine is transported from the kidney pelvis to the bladder by means 
of peristaltic waves which originate in the musculature of the pelvis 
and extend to the ureterovesical orifice A peristaltic wave travels ap 
proximately 3 cm per second not all waves reach tlie vesical onfice 
or are of the same amplitude From normal ureters unne is ejected 
into the bladder at varying intervals (14 to 38 seconds) Both ureters 
may contract at different times and at different rates There is com 
plete cessation of ureteral peristalsis however during active bladder 
contractions This reflex control of ureteral peristalsis aids in prevent 
mg regurgitation of urine from the bladder through an open ureteral 
onfice during voiding The principal reason why unne does not re 
gurgitate however is an anatomical factor— the oblique insertion of 
the ureters into the bladder wall with the resulting "valve formation 

The smooth muscle of the bladder wall has the same power as 
striated muscle to lengthen and to shorten thus accommodating to 
varying degrees of distention with approximately the same 
tension The whole thickness of the muscular wall of the bladder 
known as the detrusor consists of an mlemal circular and an 
longitudinal coat of smooth muscle which are not perfectly define 
At the base of the bladder quite apart from th e detrusor is t c 
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trigonal muscle, which is an extension of the longitudinal muscle of 
the ureters This trigonal muscle passes o\er the posterior portion of 
the vesical orifice and extends downward along tlie urethra to the 
external sphincter At the vesical onfice there is no marked muscular 
development— no true sphincter in the sense of the external urinary 
sphincter or the anal sphincter There is, ho^vever, an interlacement of 
the circular and longitudinal muscles of tlie detrusor to form the “in- 
ternal sphincter ” 

The resting intravesical pressure is markedly raised only when the 
normal limits of bladder distention are reached When this occurs, 
normal micturition is initiated b> a contraction of the detrusor As the 
intra\esical pressure rises, the ‘internal sphincter” opens, aided ap- 
parently by a contraction-pull of the trigonal muscle on the posterior 
portion of the vesical orifice The external sphincter then opens re- 
flexly, and the bladder cavity empties itself of its total contents 
Neither the internal nor the external sphincter can be opened volun- 
tarily The external sphincter, however, does liave voluntary power to 
contract Many studies have been made of intravesical pressure in 
normal individuals Denny-Brown and Robertson® found tint intra- 
vesical pressure at moderate volumes varied from 5 to 10 cm of water 
The pressure at the moment of “internal sphincter” opening varied 
from 18 to 43 cm of water Denny-Brown and Robertson state that 
the "internal sphincter” opens at a low'er pressure, the greater the 
volume of the bladder contents Actually, much higher intravesical 
pressures have been recorded m the normal bladder The highest 
pressure recorded in Watkins’® senes was 176 cm of water 

There are no universally accepted figures that represent the hydro 
static pressure in the normal pelvis and ureter of man Pressures re- 
corded in experimental animals after complete ligation of the ureter 
{50 to 70 mm of mercury)^ cannot be translated into normal clinical 
physiology 

PATHOLOGIC PHYSIOLOGY OF PROSTATIC OBSTRUCTION 

The physiological response of both the mid-urinary tract (bladder) 
and the upper urinary tract (ureters and renal pelves) to prostatic 
obstruction follows the same general paltem— normal function is pre- 
served, at first, through the compensatory hypertrophy of the smooth 
muscle In continuing obstruebon, however, this compensation readily 
gives away to decompensation, dilatation and atony, with resulbng 
nnnary stasis Decompensation usually occurs in the upper urinary 
^^^hefore beginning in the bladder 

Effect of Prostatic Obstruction on the Bladder.— As the detrusor 
mid bigonal muscles hypertrophy m response to the greater effort of 
mmation because of the prostabc obstruction, the bladder wall thick- 
ens and the bladder capacity lessens (Fig ^7) A reduced bladder 
Capacity results in unnary frequency When such a contracted bladder 
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IS examined cystoscopically, the bands of hypertrophied muscle stand 
out as trabeculae The indentation of the mucosa behveen the trabecu 
lae may increase in size to form cellules (Fig 537) In continued ob 
struction some of these cellules may enlarge to form diverticula 
With the mcrease of muscular hypertrophy, there is a constant in* 
crease in muscular tone, and the intravesical pressure is higher than 



t ^ 

Fig 537 —A cystogram in a case of proslaUc obstruction shoi^g re as o 
urme into the nght upper unnaiy tract There was no rcflui into the lett uie 
Decompensation of the nght ureter and renal pelvis has occurred while the a 
ji- u _ 1 nladder wall ts tra 

»dly impaired No 
lutes 10 per cent 


m the normal unobstructed bladder A hypertonic bladder may ^ 
velop an intravesical pressure of 80 mm of mercury or more at the 
time of voiding Such a compensated bladder, however is able o 
empty itself of its total contents at each voiding leaving no residu 
urme 

With increasing prostatic obstruction bladder compensation ' 
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sooner or later give way to decompensation— the bladder wall be- 
comes dilated and atonic, residual unne increases, urination becomes 
more difficult, as well as frequent, and complete urinary retention 
may occur 

Effect of Proslatic Obstruction on the Upper Urinary Tract.— 
Prostabc obstruction affects the upper urinary tract primarily through 
the changes that occur in the bladder wall The increased muscle tone 
accompanying detrusor hypertrophy results in increased- resistance at 
ttie nieleial orifices The peWrc and uieYeial inusculatvne respond to 
this increased resistance m the same physiological manner as the 
detrusor By means of hypertrophy of its muscular coats, the upper 
urmary tract compensates against the ureteral orifice resistance Clm- 
ical studies (pyeloscopy, intravenous urography, urokymography) of 
the upper urinary tract in prostatic and other partial obstructions have 
shown conclusively that this compensation is evidenced by an mcrease 
m the amplitude, rate and vigor of the pelvic and ureteral contrac- 
tions 

Experimental studies of changing pressures m the ureter after com- 
plete hgation have been made,^ but there are no enbrely satisfactory 
measurements of actual intraureteric or intrapelvic pressures in cases 
of experimental or clinical partial obstruction On anatomical grounds 
the smooth muscle of the upper urinary tract is m no position to com- 
pete with the hypertrophy of the detrusor Furthermore, any great 
increase m intraureteral pressure is immediately transmitted to the 
renal pelvis and renal parenchyma, as there is no pelvo ureteral “valve” 
to protect the renal function in the manner that the oblique insertion 
of the ureters through the bladder wall guards the upper urmary tract 
from the direct transmission of intravesical pressure 
In continued resistance at tlie ureteral orifices due to the constant 
increase of bladder tone as a compensation to prostatic obstruction, 
the hypertrophy of the smooth muscle of the upper urinary tract 
readily gives way to tlie dilatation and atony of decompensation 
Muscular decompensation of the upper urinary tract almost always 
precedes decompensation of the bladder (Fig 537) Beginnmg dilata- 
tion of the upper urinary tract, however, does not necessarily mean 
n corresponding impairment of function Clinical studies of ureteral 
tunction in partial obstructions have shown that a dilating ureter may 
maintain its phvsiological integrity for some time ® 

Muscular and physiological decompensation of the upper urinary 
b^3ct IS much accelerated when the ureterovesical orifice becomes in- 
competent usually due to its dilatation as a result of increased mtra- 
vesical pressure In such a condition, vesico ureteral reflux readily 
Occurs, and the renal pelvis, ureter and bladder become one freely 
communicating system (Fig 537) Ureteral reflux may remain a uni- 
®teral phenomenon, or may become bilateral When bilateral, it is 
usually more marked on one side 
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The past five years have brought an increased interest m the pbys 
lology of the burn Civilian groups have been stimulated to further 
study by disasters such as occurr^ in St Johns, Ne\vfoundland and 
at the Cocoanut Grove in Boston During the war the use of flame 
weapons and secondary fires in cities devastated by mass bombmg 
also accentuated the problem 

The recent literature contains a number of excellent reviews of wide 
scope ^ ^ * Therefore, this paper summarizes briefly the physiology of 
the severe burn in the light of recent research and indicates where 
changes have been made m the generally accepted therapy 

LOCAL BFFECrS 

The thermal injury is customarily defined m terms of the extent of 
body area involved* and the depth of injury within that area A first 
degree bum shows erythema of the skin but no vesication A second 
degree bum shows partial destmclion of the skin with formation of 
blisters A third degree bum completely destroys the epidermis 
Within this simple classification there is wde variation m the type ot 
lesion produced The area burned may be exposed to a moderately 
high temperature for a sufficient length of time to destroy just the 
epidermis itself causing necrosis of the epidermis with marked ®deina 
and cellular mfiltration of the subjacent dermis On the other han 
the third degree burn may be due to prolonged exposure to hignw 
temperatures which will produce a thick, dry, coagulated ° 
tissue with much less apparent immediate edema® ® Patients with e 
latter type of burn are apt to show less severe shock and immedia e 
systemic reaction although the amount of tissue destroyed is actua y 
greater 

Following the injury there is an immediate onset of intense pain 
and an outpouring of plasma into the skin and subcutaneous tissue o 
the burned area This fluid is similar to plasma in composition as is 
the lymph that drains from the burned area ® The bulk of this plasma 
loss occurs within the first twenty tour to thirt> six hours and causes 
hemoconcentration in proportion to the depth and extent of the bmn 
Toward the end of this period diere is progressive plugging wi 
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fibrm of lympliabcs and capillaries ^vltllln the burned area ® Roughlj 
forty eight hours after injury the circulation begins to re establish 
itself in all areas except those completely coagulated by heat 
During the first x\eek after injury there is a gradual demarcation of 
dead from living tissue Proteolytic enzymes in tlie acid medium of 
the wound proceed to split the dead slough away from the underlying 
granulations Tlie devitalized tissue is invaded by bacterial organisms 
and control of infection becomes a major problem of bum manage- 
ment*® At the same time there is regeneration of epithelium in the 
area of second degree bum from the undestroyed hair follicles and 
sweat glands There is continued loss of fluid and protein from the 
granulating areas, which m a severe bum may equal the urinary nilro 
gen loss ** 


SYSTEMIC EFFECTS 

The general clinical course of the patient with a severe thermal 
bum may be roughly divided into three phases shock, delayed vis- 
ceral damage or ' toxemia,’ and the period of repair 

Shock —During tlie first twenty four to thuty six hours the phe 
nomeuon of acute bum shock runs its course In common with otlier 
types of shock, there IS low blood pressure low cardiac output, in- 
tteased peripheral resistance'- and a diminished blood volume 
Bum shock differs from hemorrhagic shock in that the decrease In 
blood volume is primarily due to a loss of plasma with consequent 
hemoconcentration There is increased viscosity of the blood and red 
blood cells are trapped in sluggish peilpheral portions of the circula 
&on'" Red cells wluch are exposed to heating in the burned area 
become spherocytic and more fragile, ultimately lysing and releasing 
hemoglobin into the plasma 

The plasma protein, particularly the low molecular weight al- 
bununs leaves the circulation through the damaged vessels passes 
*oto the burned area and is lost 

There is hyperglycemia, an increase in blood lactic acid and a dc- 
m carbon dioxide content of the plasma Hyperglycemia and 
^ increase in lactic acid have been observed in medical as well ns In 
^gical shock Tlie cause is not clearly understood Expcrimtnlnl 
bums m rats and rabbits produce a fall in musclo glycogen, but this 
has not been corroborated in lb( case of buman beings An lu« 
in lactic acid conversion from intistU glytogiii inny (iiuso a 
m blood sugar tbrougli tonvirslon of luetic iicld into jdj( 0 |Nii 
glucose in the livi r Since Ibirf Is sotno Hv( i diiiiiiigp In n m \i'ip 
the high level of latlle add In llu blond inu) bo tho HMllI (if 
impaired ability to (oiivirl lacUo add llii’ diiKUSi' In ulkiill !(' 
IS probably dno to n(( iimnlatioii of fised du'i'idi H(lds lo MMUi' 
In addition, fiodinrn lolns tin ImiiikiI »iii( Ih for 

potassium but In skin (lih (bus nol KIMHMd h il)mf(hmil 111"“ of 
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alkali Only m burns with extensive muscle damage is there marked 
trapping of sodium in the tissues 

Again, depending on the type of burn, other factors besides fluid 
loss are undoubtedly operating Experimental high temperature bums 
can cause death from shock without significant fluid loss"'’ 

Shock may be expected in adults with third degree bums invohmg 
15 per cent or more of the body area The patient with a third degree 
burn mvolving 70 or 80 per cent of the body area usually dies xvithin 
t\\ enty-four hours after injury 

Pulmonary edema may also cause death during the first day This 
appears subsequent to the inhalation of hot wet air or after prolonged 
inhalation of smoke Very frequently these patients will have burns 
about the head and upper thorax ■* In the case of burned patients 
who have not been subjected to sucli inhalations, tlie massive mtra- 
\enous infusions for the treatment of shock do not appear to cause 
pulmonary embarrassment 

Dclajed Visceral Damage or “Toxeni{a.”'-The second clinical 
phase extends from the beginning of the second day following injury 
to the end of the second week The patient with a third degree bum 
covering about 30 per cent or more of the body surface is in a cntical 
state during this period Patients with more than one third of their 
skin completely destroyed usually die wathm the first ten or h\el\e 
days after injury 

At the beginning of the second day the rate of plasma loss into 
the burned area has greatly decreased The area is tense with protein- 
rich edema fluid The fluid volume of the blood stream has been re- 
stored so that pulse and blood pressure are near normal The tem- 
perature IS usually elevated several degrees, particularly toward the 
end of the second day, vvlien circulation begins to re establish itself 
throughout the burned area The levels of protein and sodium chloride 
in the plasma tend to be low in spite of replacement therapy, the 
carbon dioxide content of plasma has usually returned to near normal 
The secondary anemia is quite apparent at this time The patient is 
slightly nauseated and may vomit He is drowsy, somewhat disonented 
and occasionally maniacal The very severely burned patient may be 
comatose 

The heTnog\obm fTom lYie Vysed red cells has been cleared {xom the 
plasma at this stage, and the serum bilirubin is usually moderately 
elevated Liver damage is demonstrable, although severe injury to this 
organ is usually more rare now than it was during the period when 
tannic acid therapy was iised,“ this point being discussed m more 
detail under Local Therapy There are often some bromsulfalem 
tention, a decrease in benzoic acid conjugation and an increasea 
cephalm flocculation 

Tliere is an accumulation of nonprotem nitrogen m the plasma, 
50 to 80 per cent of which is a residual fraction of as yet undetermine 
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nature The level of nonprotein nitrogen is of prognostic value Pa- 
bents having 80 to 100 mg per 100 ml of plasma are critical]) ill and 
may die within a few’ days, and patients with over 100 ing per 100 ml 
of plasma almost invariably succumb"® The probable source of this 
material is the burned area, at least in part -* The substance or sub- 
stances may simply be inert products of tissue breikdovvn or they may 
be tovins, but tins has not been conclusively established If tlie accu- 
mulation IS a sign of renal embarrassment, it is somewhat selective, for 
although the urea clearance is moderately reduced, there is no marked 
urea retention There is a tendency toward oliguria, but an adequate 
renal output can usually be maintained by proper administration of 
fluids An occasional patient with very' extensive bums will go into 
complete renal shutdown There are probably multiple factors produc- 
ing this renal damage Peripheral vasoconstriction and reduced blood 
flow may lead to anoxia of the renal parenchyma In the presence 
of acidosis and a reduced renal output the free hemoglobin in the 
plasma may be precipitated as acid methemoglobin, thus plugging the 
renal tubules 

If the pabenl dies during tlie first two weeks after injury, the viscera 
show a flabby, water-logged appearance This is most noticeable in 
the kidneys, heart, adrenals, liver and brain There is a nephrosis with 
tubular damage, which is most marked m the proximal convoluted 
tubule Grossly the renal parenchyma shows a red orange color due 
to fatty infiltration There may be a few hemoglobin casts in the 
tubules 

The adrenals show interstitial accumulation of fluid and degenera- 
tion of the cells m the zona fasciculata of the cortex It is perhaps 
significant that a similar lesion has been reported m patients dying 
of acute infections 

The liver usually shows a moderate degree of fatty infiltration in 
the central portions of the lobule 

Five cases have been reported as showing a diffuse ganglion cell 
degeneration and a vascular degeneration of nonspecific type that is 
oiost marked in the hypothalamus Tliese patients died with sudden 
cessation of respiration while the heart continued to beat for ten or 
fifteen seconds It resembled the type of respiratory failure seen m 
intracranial lesions, particularly brain abscesses, where one minute 
we patient is fully conscious and talking and the next minute he sud- 
denly dies Similar histological changes have been reported in the 
paratubenan centers in dogs with expenmental burns The lungs show 
no demonstrable pathology except when hot smoke has been inhaled 

The lymph nodes in children or adolescents show a marked karyor- 
that IS not seen m adult patients®® 

Period of Repair.— During this period the slough separates, second 
degree areas regenerate, and skin grafts are applied to the granulating 
sreas of third degree burns The patient presents two major problems, 
wfection and negative nitrogen balance Tlie daily urinary nitrogen 
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excretion is often 20 to 30 gm , and patients with extensive granulat 
mg areas lose 30 to 40 gm a day from the wound The hemoglobin 
level continues to remain low in spite of repeated transfusion There 
IS apparently some destruction of cells withm the body, as well as 
interference with red cell production In several reported cases this 
loss was 250 ml of packed cells a day This may be a systemic effect 
of the infection in the burned area Tlie bacteria invading the wound 
are characteristically hemolytic streptococci and staphylococci ac 
companied by gram negative rods such as BactUus pyocyaneus B 
proteus and other coliform organisms 

There is a markedly increased utilization of vitanuns The existence 
of this demand has been suspected because of similar demands m 
other types of disease In particular, the requirement of vilamm C 
may be ten or fifteen times the normal amount * This is important 
because there is probably a relation behveen this and the local hemor 
ihage with delayed healing often seen m the wounds There is also 
increased utilization of thiamine, nboflavin and nicotinic acid The 
fat soluble vitamins have not been thoroughly studied in this respect 

The plasma protein nitrogen continues to be elevated but to lower 
levels than during the first week The urea clearance is somewhat 
below normal The albumin globulin ratio >s lowered All thes^e 
changes disappear as the granulating areas are covered with skin"' 

SYSTEMIC THERAPY 

The patient must receive morphine for the rehef of pain Care must 
be taken to give morphine directly into the circulation during the 
period of shock Cases have been reported in which the drug was 
given subcutaneously in repeated dosage without effect smce the 
peripheral circulabon was inadequate to transport the morphine Later 
when the circulation improa ed the drug was absorbed and dangerous 
overdose resulted*" 

Top priority in the treatment of any severe bum must go to the 
administration of plasma An intravenous infusion must be started 
immediately and plasma given in amounts adequate to prevent hemo 
concentration as judged by the blood hematocrit reading or hemo- 
globin level Blood for these examinations should be taken from large 
veins, to give an accurate picture of the state of the cuculating blood 
There is adequate time after starting intravenous therapy to apply 
dressings 

In addition to plasma the pabent should also receive sodiim in 
some form Experiments with scalded rats and mice show a significant 
decrease m mortality with the use of sodium solutions ” A senes ot 
bum pabents on the basis of these experiments were 
large closes of one sucth molar sodium lactate given orally " This pm 
cedure maj lead to marked alkalosis and m addibon is often poorly 
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tolerated by the already nauseated patient However, since admims- 
tration of sodium is essential, and controlled doses of lactate aid in 
the restoration of the alkali rcser\e, the Shock Committee of the Com- 
rmttee on Medical Research of tlic National Research Council’^ recom- 
mends the use of a solution of two parts physiological saline solution 
and one part one-si\th molar sodium lactate 

In the years before the advent of convenient blood banks, with 
large stores of avajJibJo plasma, bum shock uas treated uath uhole 
blood Then as plasma became available it was used preferentially 
because of the recognized hemoconcentration Recent experiments have 
emphasized the treatment of bum shock with whole blood from tlie 
onset A series of patients so treated have shown less severe second- 
ary anemia Ajiparently no deleterious effect results from allowing 
the hematocrit reading to rise to as high as 60 or 70 per cent cells 
I'hen the blood volume is maintained This report also emphasizes the 
necessity of adequate sodium administration, preferably by the oral 
route Regardless of whetlier the initial shock is treated with whole 
hlood alone or with plasma, the patient must receive repeated trans- 
fusions of whole blood until skin grafting is completed and the areas 
are healed 

hitrogen Balancc.'-It is necessary to give these patients 300 or 
400 gm of protein daily in order to maintain nitrogen balance The 
administration of methionine has been said to reduce tlie urinary nitro- 
gen excretion m experimentally burned rats’’ Tins work, however, 
requues confirmation Three grams of methionine administered daily 
to patients on a restricted diet after undergoing herniorrhaphy failed 
to exert a protein-spanng action as indicated by urinary nitrogen ex- 
action” In addition to a high protein, high carbohydrate, low fat 
diet, the patient should receive 1 or 2 gm a day of ascorbic acid, 
50 mg of thiamine, 50 mg of nboflavin and 500 mg of nicotinamide 

Infection,— As previously stated, the invasion of the burned area by 
bactena presents a major problem There is some disagreement as to 
"'hen the presence of infection starts to play a major role’® Some 
'vorkers believe that infection is responsible for much of the adverse 
systemic effect that is apparent twenty-four hours after injury Others 
have thought that infection was not marked until toward the end of 
^ne first week 


The patient must be protected agamst tetanus by the administration 
antitoxin or, m the case of those previously actively immunized 
Against tetanus {such as mihtary personnel), by the administration of 
a booster dose of tetanus toxoid In addition he must receive systemic 
chemotherapy to combat the common pathogens in the wound and 
‘0 prevent invasive infection Pcnicilhn is commonly given intramus- 
cularly in a dosage of 250000 units daily However, it has been shown 
that gram negative rods such as the coliform group, Bacillus proteus, 
^nd B pyocyaneus, common contammants in bum wounds, destroy 
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pemcilUn m the wound 'ind prevent its action on the gram positive 
COCCI * In addition it his been reported that alpha streptococci and 
to a lesser e^tent gamma streptococci are not very susceptible to 
penicillin and tend to multiply in wounds in greater numbers begin 
mng at the end of the second week In order to protect the patient 
fully it is advisable to use both jienicillin parenterally and sulfadiazine 
orally Dressings should be changed under aseptic precautions with 
tlie operators wearing masks to prevent contamination of the wound 
with nasopharyngeal organisms 

LOCAL TIIERAI Y 

The aim of local treatment is to protect the surface from contam 
Illation and if possible to prevent further plasma loss The original 
purpose of the use of tannic acid was the sealing of the surface to 
minimize exudation^® but subsequent observation showed that it is 
absorbed through the burned surface with the production of hver 
damage This has been confirmed by animal experiments***®” 
Tannic acid also causes additional coagulation necrosis of the living 
epitliehum m the areas of second degree bum In a deep second de 
gree bum the only living remnants of epidermis from which regenera 
tion of the integument can occur are the bases of hair follicles and 
sweat glands in the dermis If these islands are destrojed by taniuc 
acid additional skin grafting becomes necessary For tJiese reasons 
most workers have abandoned tannic acid therapy in favor of the use 
of emollient dressings 

The burned area is gently cleansed with saline under sterile pre 
cautions gross contamination with debris and also loose skin being 
removed in the process Otherwise the area is disturbed as little as 
possible Tlie burn is covered with petrolatum gauze and subjected 
to compression through a layer of slcnlc mechanics waste held in 
place with an elastic bandage This immobilizes the area and prevents 
the additional plasma loss that accompanies movement of a trau 
matized area Some workers advocate the incorporation of sulfo- 
namides in the ointment base for local application ** but it has been 
shown that many of the sulfonamides are absorbed through the burned 
surface often to a marked degree with resultant dangerously high 
blood levels of the drug For this reason administration by the oral 
route which is more easily controlled is preferred 

Removal of slough proceeds naturally through action of proteoljiie 
enzymes in the tissue The process unfortunately is relatively slovv 
Ideally dead tissue should be removed as quickly as possible to mini 
mize infection and to permit early skin grafting thus keeping protein 
loss at a minimum Pyruvic aad at a pH of 1 9 has been reported « 
hastening the separation process Ilowev er th s agent has recently 
been tested on standard expenmental bums and the results ind cate 
there is no advantage in its use The action is apparently merely that 
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of welting the wound, thus converting a dry gangrene into a wet 
gangrene 

Pending convincing demonstration of the efficacy of these ad)u 
vants, general opinion favors spontaneous separation of slough aided 
by surgical debndement When the general condition of the patient 
permits, the full thickness of the burn can be removed surgically and 
the area covered with split-thickness grafts Tins is an ideal procedure 
that IS limited only by the extensive surgery required in very large 
thud degree bums 

THE BURN TRODLEM 

The major points of controversy center about the causes of morbid* 
ity and mortality affecting the patient after he has emerged from 
shod;? With the judicious use of blood, plasma and electrolyte solu- 
tions, it IS possible to prolong the lives of all but the most severely 
burned patients beyond the initial shock period Even under these 
conditions, the patient with a third degree burn of somewhat more 
than one third of the body surface usually dies within two weeks 
after injury 

The renal damage, while evident, is still not marked enough to cause 
death from renal failure Some patients apparently have signs of in- 
creased intracranial pressure secondary to central nervous system 
damage The abandonment of tannic acid therapy with resultant di- 
minution in severity of liver damage has not resulted in any decrease 
m mortality 

The underlying cause of negative nitrogen balance, protracted sec- 
ondary anemia and other less clearly demonstrated metabolic defects 
must be found in order to improve therapy 
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METABOLIC DISTURBANCES SBIULATING ACUTE 
ABDOMINAL EMERGENCIES 

MiaiAEL G WoiiL, M D , F A CF * 

That extra abdominal medical conditions masquerade as mtra 
abdominal diseases is a fact well Icnmvn to the practicing physician 
Patients come to mind who have presented signs and symptoms of a 
perforated peptic ulcer, or perhaps acute pancreatitis, or again acute 
painful seizures of cholecystic disease, but whose course of illness 
proved them to be suffering from acute coronary artery disease 
One also recalls cases diagnosed as “acute appendicitis’ that have 
proved to be frank pneumonia, diaphragmatic pleurisy or the onset of 
an acute infectious disease 

That disturbed states of metabolism enter into the differential diag 
nosis of abdominal disease is not generally appreciated, particularly 
when the onset of abdominal symptoms is sudden and severe id char 
acter The physician’s attention becomes nvetcd to an mtra abdominal 
organ or organs not responsible for the condition The patient may 
thus be subjected to the grave risk of an unnecessary exploratory 
operation 

The many extra abdominal conditions simulating acute surgical 
emergencies arc noted m Table 1 

TABLE 1 -EXTRA-ABDOMINAL CONDITIONS SIMULATING ACUTE 
SURGICAL FMERGENCY 

Chc$t 

Pneumonia espeaally in young children 

Diaphragmatic pJeunsy 

Coronary occlusion 

Angini pectons 

Pericarditis 

Metahohe 

Diabetic acidosis 

Thyroid crisis 

Acute adrenal insjlGcienc^ 

Hypoglycemia 

Hypoparathyroidism 

Hyperthyroidism 

From Temple Umversity School of Medicine and Philadelphia General Hos 
pitals Philadelphia 

“ Associate Professor of Kfedicine Temple University School of Medi me 
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Central Ncnotis Syilem 
Tabetic cnsis 
Trans\ene in>elilis 
Ostcoirthntis of spine 
Tuberculosis of spine 
Scoliosis with arthritis 

Cerebral d\srh>thrma (focil symptomatic epilepsy)** 

Chronic Poisoning 

Lead, arsenic, mercury, emetine 

Bite of Latrodectus mictans (blick widow spider) 

^lisccUaneous 

Onset of infectious disease 
Allergic states 
Henoch's purpura 
Herpes zoster 
Migraine 

This discussion ^vllI present instances in which tlie acute signs and 
symptoms referable to the abdomen were due to a metabobc disturb- 
ance 

DIABETES MEILITUS 

Uncomplicated diabetes mellitus does not often produce abdominal 
symptoms Diabetic ketosis, however, may manifest itself by acute 
abdominal pain, tenderness, nausea and vomiting The muscular ri- 
gidity, leukocytosis and fever which often accompany the acidotic states 
may be puzzling and lead to unnecessary surgical exploration The 
diagnosis of an acute intra-abdommal disease m the presence of di- 
abetic acidosis should be made with caution Before undertaking 
surgery, laboratory studies for acidosis (carbon dioxide combining 
power, blood sugar determination, and the like) are essential, and if 
the findings are abnormal the results of a trial with insulin and other 
measures should be noted 

Case I. Ketosis Simulating Acute Surgical Abdomen 

T, a man aged 19, had had diabetes mellitus for four years Tbe diabetic 
state was controlled adequately by insulin and a dietary regimen While on vaca- 
tion he digressed from his diet and a few days htcr was seized with an attack of 
nausea vomiting and violent abdominal pain He had not had a bowel movement 
for two days An enema was ineffeclivr Tlic attending local physician was of the 
Opinion that the patient had an intestinal olwtructlvo lesion Abdominal pains be- 
came so intense that he was given a hypodcnnic Injection of morphine sulfate ’4 
pain and atropine sulfate */4 n gram Tlicsc relleverl him for a short time Upon 
his admission to the Temple University Ilospltil the pitlcnl was observed twist- 
pS turning and groaning with pnfn Tlwn vn% a marked acetone odor to his 
breath The temperature was lOO* P , pulse 132 The abdomen was flat, slightly 
Resistant and had general soreness Prristilsls ss^is present Tlic blood count Showed 
18800 leukocytes per cubic millimrtrr wllli a 92 per cent polymorphonuclear 
leiAocyte differential count Tfic blood sugar contrnt wns 4Hn mg per 100 cc, 
and the carbon dioxide combining cipicity ssns 17 prr cent 

The differenbal diagnosis wss lirfwriii srvrrr diabetic acidosis and amile ab- 
dominal disease precipitating aa'hjsts in ft diabetic patient Hr W Pmory Burnett 


1500 


^^CIIAEL C WOHL 


wl 0 saw the pabent with me agreed that the symptom complex was probably 
metabolic rather than surgical in nature Tl e patient was treated vigorously for 
impending coma by large doses of uisulin replacement of fluids bj veooclysis by 
podermoclysis and other convenbonal measures such as washing of the stomach 


risen to 44 per cent The patient made an uneventful recovery and left the hos 
pital on the sesenth day after admission on a standard diet and 80 units of m 
sulin daily 

Comment —This patient was stricken wth acute abdominal pain ob 
stipation nausea vomiting a rise in temperature and leukocytosis 
It is not surprising that he was sent to the hospital with a surgical 
dngnosis The abdominal tenderness however, was widespread rather 
than localized and the abdominal symptoms leukocytosis and fever 
subsided rapidly after the insulin and fluid administration In an ititra 
abdominal lesion on the other hind the tenderness is more localized 
and the pain leukocytosis and fever persist or increase in spite of 
treatment for acidosis The cause of leukocytosis and fever has not 
been adequately explained That there is a profound dehydration m 
diabetic acidosis is well known TIjis may account for the leukocytosis 
and fe\ er Peters ^ Lawrence Lucas and McCance” and others are ot 
tlie opinion that the leukocytosis and a shift to the left in the Schilling 
count are due to bone marrow stimulation by ketone bodies 

We must bear m mind however that a patient with a diabehcacicio 
SIS may also suffer from an mlercurrent abdominal disease such as an 
acute appendicitis which will precipitate acidosis However Case 
and the following history teach us a lesson that m an acute abaoinin 
emergency if the patient is known to be a victim of a metabolic tus 
ease the abdominal symptoms may be metabolic m origin and unr^ 
lated to a surgical condition of the abdomen A brief trial with an 
ketosis therapy will usually clarify tlie problem 


Case II Borderline Acidosis Masking Acute Appentlieitis 

A diabctc girl aged 16 entered the Philadelphia General ^ „ 

V ce of Dr A S ndoni with a history of nausea vomiting for forty 
and abdominal pain There was definite tenderness and ngid ty in the ng o 
quadrant peristalsis was present but hypoactive the temperature was aa 
pulse 104 resp ration 22 leukocyte count 18 000 and polymorphonuclears V 
cent The ur ne was positiie for sugar and the carbon diovide ts^bimog P°' ^ 
was 42 volume per cent with a blo^ sugar of 109 mg per cent Surgica co 
tationS on two occasions suggested the diaimosis of acute append citis an ^ 
patient was operated upon Neither abdominal nor pelvic d sease vvas fo^ ^ 
appendix was removed however and npon histologic exam nation , 
normal Fortunately she made a good recovery on a diabetic reg ® ° 
her blcod sugar had risen the day after the operahon to 352 mg per 100 cc 
Comment —In this instance the operation w is the safer procedure 
bearing out the dictum of Joslin® “If m doubt operate 
may make an occasional mistake” Because symptoms of 
acidosis may simulate nn acute surgical disease of the abdomen o 
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nia> overlook, acute intra^abdommal disease and den> the patient the 
benefit of surgical intervention with subsequent disastrous results 
Acidosis per se must not be allowed to cloud a surgical condition, as 
in the following experiences, in one of which the patient not operated 
on died and m the second, (Case IV) surgery was life saving 
Ca«eIII. Diabetic Ketosis Associated with Gangrenous Appendicitis 
and Suppurative Peritonitis 

I F, a woman aged 57 jears, \\~is admitted to tlie Philadclpliia General 
Ilospitat service of Dr A Sindoa^ vwlJi a history of persistent soiniting and 
dianhea for tvv’o days before admission to the hospital Four days before admis- 
sion the patient had complained of weakness and right lower quadrant pain 
On examination she was found to be toxic, drowsy and deh)draled The chest 
was clear except for a few moist rales at both bases The abdomen was soft, 
and there vras no tenderness or ngidity The pelvis was normal except for a 
laceration of the cem.x The temperature was 101" F pulse 93 respiration 36 
The leukocyte count was 17,200 per cubic millimeter with a polymorphonuclear 
coimt of 85 TCr cent The blood sugar content was 580 mg per 100 cc and the 
wbon dioxiaeS combming power 39 \-olumes per cent The patient was treated 
for acidosis, hut twenty four hours later her temperature hid risen to 106* F , the 
P““*bad become weak and rapid and she died thirt) hours after admission to 
the hospital The autops) showed diifuse generalized suppuraUve pentonilis sec- 
ondary to a ruptured gangrenous appendtx 

Case IV. Diabetes and Acute Ruptured Gangrenous Appendicitis 
and Peritonitis; Rccoverj after Operation 
S T, a man aged 33 years, knowm to have moderately severe diabetes, par 
haliy controlled with insulin and diet was uncooperativ e in previous attempts at 
“anagement He was seen as an outpabent fifty six hours before admission to the 
Temple University Hospital complaining of tightness in the chest general malaise 
and TT , 98 8" F , pulse 72 blood pressure 

* The blood sugar was 207 mg per 100 
' jlobm 15 gm per 100 cc erythroc>'tes 

toOOOOO per cubic millimeter, polymorphonuclear neutrophils 78 per cent, 
imphocytes 22 per cent The electrocardiogram ivas essentially normal An enema 
was advised and insulin was increased to 20 uruts of protamine zinc daily Tlie 
pahent earned on normal business acbvibes for twenty four hours Slx hours be- 
we admission to the hospital he was seized svilh violent diffuse abdominal pains 
Ihe bghtness in the chest disappeared The consbpation was not relieved by an 
faema and the pabent took a Ixxahve without results 

On physical examination the heart and lungs vsere negabve There was no 
sver, no tachycardia Tlie abdomen wts mildly distended, there was hypo icbve 
^nstalsis, with a slight tenderness in the right loiver quadrant, but no ngidity 
exammabon was negabve The dilFerenbal diagnosis was behveen un 
pending diabetic coma as a cause of the abdominal pain and acute intra abdominal 
Laboratory studies showed the plasma carbon dioxide combining power 
-volumes per cent, blood sugar 162 mg per 100 cc The blood count was hemo- 
8 obin 15 4 gm per 100 cc , erythrocytes 5 500 000 per cubic millimeter of blood, 
^euXocytes 18 900 per cubic millimeter of blood, polymorphonuclear neutrophils 
per cent, lymphocytes 5 per cent, monocytes 6 per cent A flat plate x ray ex- 
of the abdomen showed that ‘the transverse colon was moderately dis- 
of'^tlf^ However, some gas and fecal matwial were seen along the course 

the descending colon and m the ili-ic colon as in the cecum No small bowel 
present The amount and distribution of the gas was such that we could 
make a diagnosis of intestinal obstnrebon " 
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Withm a few hours dunng which the laboratory studies were made the 
physical signs changed The temperature rose to 103 F the puke to 120 The 
abdomen became d slendcd and there was tenderness to palpat on over the lower 
abdomen more so over tl e ngl t lower quadrant The patient %vas operated upon by 
Dr IV Wayne Babcock The gross findings were as follows the appendit was 
about 2 cm thick dark red bound dow'n postenorly There was a perforabon 
about 15 to 20 mm in diameter at about the m dport on About 8 ounces of febd 
yellow fluid with gas was evacuated from the colon Thm sero pus had collected 
in the general peritoneal cavity The general peritoneum was only lightly injected 
The operation %vas appendectomy with drainage Tl e patient was given 30 000 
units of penicillin every two hours and glucose m saline solut on intravenously 
Insulin was administered varying in dosage according to the blood sugar level 


Commcnl— These two enses demonslrate the importance of itnme 
diate surgical fntenention when an acute tbclominal lesion cannot be 
eliminated even in the presence of acidosis If time permits it is safer 
of course to delay surgery until the acidosis is controlled (carbon 
dioxide combining power of 40 or above) Even with a blood sugar 
content two or three times the normal levels an operation can if 
necessary be undertaken with a fair degree of safety 

The more diabetic patients with abdominal lesions one sees the 
more one gams the impression that the s)niptoms of an intraabdoni 
inal disease in a diabetic arc less severe and more insidious than m 
a nondiabetic under similar conditions^ 

inrocbYCEMiv 

The clinical state of hypoglyceinn reflects involvement of the cen 
tral nervous system Symptoms referable to organ systems other than 
the central nervous system arc indicative of either stimulation of the 
sympathetic adrenal system (pallor rapid pulse profuse sweating and 
dilatation of pupils) or overaclivily of the parasympathetic system 
(bradycardia and increased contraction of various segments of the 
gastrointestinal tract including the biliary tract) When the latter 
symptoms predominate abdominal pain may be a prominent chnicai 
sign and be misinterpreted as due to intra abdominal disease such as 
peptic ulcer or biliary colic” Tlic erroneous diagnosis of peptic ulcer 
may further be complicated by the fact that frequent feedings of a 
bland diet relieve the hypogl>cemia as well as peptic ulcer Peskm 
has observ ed such a group of patients who attended a gastrointestinal 
clinic and were resistant to the ordinary orthodox ulcer treatment 
When the patients were studied from the point of view of a metabolic 
disorder hypoglycemia was found They were treated for it 
gastric s>Tnploms regarded as due to peptic ulcer promptly suhstdeo 
With no recurrence of complaints Harris’ in an earlier publication 
called attention to the occasional dilHcuIty m differentiating from the 
symptoms alone between hypcrinsulinism and duodenal ulcer 
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Case V. H5pogl}ccmia Sjmptoms Stmulating Duodenal Ulcer 
I B , a man aged 47, was admitted to the Temple University Hospital with 
a diagnosis of duodenal ulcer The diagnosis was based on gastric symptoms of 
enicUtions of gas, heartburn and abdominal puns occurring three hours after 
meals and relieved by food X ray CTaminition shovsed an irregular spastic duodenal 
cap The patient responded uell to the Sipp) regimen of frequent feedings and 
alkali posTOen He left the hospital One week hlcr he was readmitted to the 
Northern Liberties Hospital wth the folIo\ving lustorj On the evening before 
admission to the hospital he became exlrcmelj weak cold and clammy, and had 
severe cramplike pains in the abdomen Tins occurred about hvo and one-half 
hours after Ins last meal A local physician saw him during the attack and, learn 
mg of the lustory of a duodenal ulcer, was of the opinion that the patient had a 
“gastnc hemonhage * Tlie patient felt hungr) and was given milk and cream 
Ihs pains subsided and his general condition improved Upon admission to the 
hospital next morning he had an attack of weakness and dizziness He was given 
one half glass of milk and cream and llic symptoms subsided within a few minutes 
On examinabon the patient appeared to be in good clinical condition His 
pulse rate was 72 per minute, regulir and of good quality, blood pressure 125/70 
and respiratory rate 20 per minute The heart and lungs were clear Examinabon 
of the abdomen showed slight gaseous distention Rectal examination revealed no 
tarry fecal matter The next day the patient was given a glucose tolerance test 
which was as follows fasting 74 mg , one hour after glucose 211 mg , two hours 
-00 mg tliree hours, 170 mg , four hours. 111 mg , fnc hours 65 mg 

After the fifth hour the patient became weak and nervous and perspired ex- 
cessively He complained of abdominal pam and tightness in the chest He was 
pven vrange juice, and relief followed within a few moments He was placed on 
* tegubr house diet, it was, Iiowcvcr, of high protein, moderate carboh>drate and 
low fat content* He remained at the hospital for seven dajs and was symptom 
free He then left the hospital m good condition and remained symptom free X 
toy examinabon of the gastrointestinal tract four weeks later showcti no evidence 
of intnnsic lesion of the stomach or duodenum 


Comment —The patient had S)mploms of peptic ulcer On the basis 
of these and x ray findings of an irregular and spastic cap, the diag- 
nosis of a duodenal ulcer was made The fact that the gastric pains, 


occurring at the hypoglycemia level of the sugar tolerance curve, were 
relieved by ingestion of orange juice would speak against the existence 
ol a duodenal ulcer The patient was completely relieved of gastric 
symptoms on a high protein diet That hypoglycemia can produce 
gastric hypermotihty, spasm and augment gastnc secretion was pointed 
out by several investigators ® The stimulatory impulses from the 
central nervous system induced by hypoglycemia are said to be trans- 
mitted over the vagi The \ ray findings of an irregular spastic duo- 
denal cap are probably to be explained on this basis Thus the clinical 
rnirmcry of hypoglycemia as peptic ulcer might be so close as to cause 
he unwary considerable confusion On the other hand, the possibility 
of the simultaneous occurrence of peptic ulcer and hypoglycemia is 
‘0 be borne in mind 

, *^0 abdominal pain m hypoglycemic patients may be localized to 
he right upper quadrant with radiation to the back and shoulder or 
0 either of the lower quadrants Sander*-' has recently reported five 
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rather than a surgical condihon Nevertheless, an acute surgical con- 
dition in the abdomen may coexist m a patient suffering with a 
metabolic disorder Tbe existence of a complicating intra abdominal 
surgical lesion may be dilBcult to exclude without x ray and laboratory 
studies or exploratory laparotomy In all such instances the ci^mbined 
)udgment of both internist and surgeon will prevent unnecessary 
surgical intervention On the other hand, if an acute intra abdominal 
lesion IS found to exist, the combined judgment of the internist and 
surgeon in selection of operative time and guidance of the preoperatiie 
and postoperative course cannot but work to the best advantage of 
the patient 
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TUL SUUGICVL TREVTMEVT OF CllHOMC INFEC 
PILOMD VL S1M5S 

yVLDEirr BEiiKt^n D F,ACS* 

Ti\e i\nu\ papers which ha\c ippeued during and since t 
on tlie subject of the surgicd trcitment of pilonidal sinus be; 
raonv that the problem is not i simple one The clironicall> i 
pilonidal sinus w is i mijor concern of the militar\ surgeon 
from the Office of the Surgeon General' show that approa 
11 000 c\scs of pilonidal c>st or smus were treitcd m tlie con 
Imits of the United Slates m 1942 and approxiinatcl> 21000 
Although it IS genctalU conceded lint the most desirable me 
treatment is one which will completcU eliminate the sinus m 
the wound b\ pnmir> suture at tlie lime of excision tlie use 
raetliod of treatment resulted in so nnn> recurrences and fu 
obtain the desired primaia healing tint surgeons were admoni 
the Surgeon Generals Office to refrain from radical excision 
resort to simple incision and drainage of abscesses as thex o 
Excision of the sinus was authonzed onl\ if m the opinior 
surgeon it w-as absohitelj ncccssarx In mlw of the large nu 
cases of pilomdal sinus which dexeloped during the war tlie 
doubt that doctors m cual practice will now see an increased 
<jC tecunent infected pilonidal sinuses For tins reason xxc 
present a nicUiod of excision with suture m which wound hen 
pnmam occurred in oxer 80 per cent of tlie ciscs and a p 
sinus requiring reopcration was encountered in onl\ one insta 

OrUCIN OF riLOMDVL SIMJs 
The true ongin of pilomdal sinus is still debated Gage' b< 
arises from ''an anomalous dexelopmenl of the medullarx ca 
that the cocc) geal dimple results from disturbance in the de\« 
of the cocc>geal ligament and is not connected witli the ni 
canal ” Slone^ offers the ingenious opinion that the sinuses 
tigial remnants of llie preen gland found near the tail of bur 
ever on (he basis of operatixc findings we agree watli Fox^ 
origin IS m the skin ectoderm and is not neurogenic or tnl< 
bebexes that tlie sinuses arise from a process of slan inxagina 
mg tlie third and fourtli months of embrxonic life 
Tlie origin of so-called recurrent pilomdal smus is also d 
Doubtless a few of lliese anse from a portion of tlie sinus 


• Instmclor m Surgery Graduate Sclool of Medicine Umvenity o 
v-ania Assocnie Surgeon Jewish Hospital Adjunct In Surgen Mt ; 
P tal Philadelphia 
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Fig 540 


The wire sutures are then tied firmly over bolsters of gauze (Fig 
540 D) dead space being thus obliterated Tension is further re* 



TREATMENT OF CHROVIC INFECTED mXJNIDAL SINUS J511 

nio\ed from the suture line by adhesive strapping applied over 
fluffed g'luze and sterile cotton waste (Fig 540, E) The drainage tube 
emerges between adhesive strips and its end is enclosed in a piece of 
gauze (Fig 540 F) This permits eas> access to the tube, which may 
be removed readily wathout disturbing the dressing seventy tvvo hours 
after operation The patient is encouraged to he on his back after 
operation, for it is believed the pressure so obtained aids in obhterat- 
ing dead space The first dressing is done seven da>s after operation, 
ambwlatiow vs not pomwUed wntvl the eighth to the tenth postoperative 
daj, depending on the appearance of the wound 

RESULTS OF OPERATION 

It IS generally agreed that the factors most commonly responsible 
for faulty heahng in primary closure after removal of a pilonidal sinus 
are (1) infection, (2) failure to obtain complete hemostasis and (3) 
failure to obliterate dead space The outlined procedure is designed to 
control these factors 

The wound surface follovvang removal of a pilonidal sinus is poten- 
tially infected in every case Cultures made from the walls of sinuses 
removed m this series showed the staphylococcus to be the predomi 
nant infecting organism Penicillin is toovvn to be more effective than 
the sulfonamides in combating staphylococcic infecbons Barnett in 
an article which appeared during Ae course of this study, states that 
he has used penicillin by squirting it into all comers of the pilonidal 
wound and into the walls of the cavity by needle and syringe at the 
time of operation The number of cases he treated was insufficient to 
warrant any conclusions as to the value of the method 

Absolute hemostasis, which is desnable to assure the success of pn 
mary wound closure, is often difficult to obtain, and even when the 
wound appears completely dry the insertion of sutures for wound 
closure may reactivate bleeding points For this reason, we have for 
some time placed a dram m all pilonidal wounds B> far the most 
satisfactory method has been the stab wound near the upper angJe of 
the incision with a piece of Dakin tubing as the dram matenal Even 
in wounds considered completely dry at closure serosanguineous dram 
age subsequent to the dressmg has been sufficient to justify the use of 
a dram A stab wound invanabl) heals promptlj, whereas drams 
brought out through the wound commonly leave a residual smus that 
delays recovery or constitutes a portal of entry for reinfection and in 
growth of hair 

Most of the tw enty five patients treated by the operative technic 
outlined above, in conjunction with the use of penicillin, had been 
operated on by vanous technics at least once before, and m one case 
nine previous attempts at excision and plastic repair had been made 
elsewhere In seven cases m which cultures of the sinus were made 
Staphylococcus albus or S aureus was found In one case a hemolytic 
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streptococcus w-is reco\ ered One pitient required reoperation for the 
cure of a residual sinus The wound failed to heal per primain in three 
others there being a slight separation of the skin edges which healed 
by granulation Healing was by pnmaiy union in hventy cases 

TECHNIC OF PENICILLIN THERAPY 
Penicillin was administered according to the following method 
Intramuscular injections of 20000 units dissolved m 2 cc of distilled 
water were given every three hours for two days before operation and 
four days after operation In addition to that given intramuscularly 
20 000 units dissolved in 20 cc of normal saline solution was injected 
through the drainage tube on the day of operation This procedure 
was repeated forty eight hours later and the tube was removed sev 
enty two hours after operation Sulfadiazine m dosage of I gm every 
four hours was given concurrently during the period of penicillin 
therapy 

SUM»Mn\ AND CONCLUSIONS 

A simple method of radical excision wth primary closure of chronic 
infected pilonidal sinuses is described The use of penicillin and sulfo 
namides as an aid in preoperntive and postoperatn e treatment is dis 
cussed The method outlined has resulted m more cases of primary 
healing shorter convalescence and fewer failures than any mediod 
with which we are personally famibar 
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secondary to, 1944 Dec, 1490 
operations, unnecessary, for patho- 
logic lesions of gemto-unnary tract, 
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pain ID diabetics, differentia! diag- 
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unusual hernia producing, 1944 
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surgery, anesthesia for, 1844 Dec, 
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complications following, 1945 Oct, 
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fever following, causes, 1944 June, 
554 

symposium on, 1944 Feb, 1, June, 
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noma of rectum, selection of op- 
eration and technic. 1946 June, 
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surgery, 1944 June, 558 
of brain penicillin in, 1944 Dec, 
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post-traumatic, 1944 Dec , 1454 
of lung, 1944 Aug. 851, 1945 Apnl, 
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localization, 1045 April 249 
penicillm m, 1944 Dec, 1294, 
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postoperative, 1945 Oct , 1197 
treatment, bronchoscopy in plan- 
ning, 1946 April 294 
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1944 June, 556 

following perforation of appendix. 
1944 Feb, 138 
perianal, 1945 Aug, 978 
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Amebic dysentery, 1946 June, 589 
Amenorrhea, classification, 1945 June, 
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treatment, 1945 June, 558 I 

Amino acids, deficiencies, effects, 1946 
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Analgesia, conbnuous spinal and con- 
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rean section, 1945 Deo , 
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in labor, 1945 Dec , 1364, 
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in labor, 1945 Dec , 1332 
Analgesics, preoperabve, 1945 Oct , 
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Anastomosis, artenal. role of angiog- 
raphy in, 1046 April, 836 
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Androgens in carcinoma of breast, 1946 
Feb , 127 

Anemia, hemolytic, congenital, splenec- 
tomy for, 1044 June, 584 
in colonic lesions, 1946 Feb , 193 
splenic, splenectomy in, 1945 Aug , 
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Anesthesi-i, basal, 1945 Oct , 1060 
caudal, continuous, catheter method, 
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tubes. 1945 Aug, 802 
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wth oxygen and nitrous oxide 
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for bowel surgery, management, 1946 
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for facial surgery, 1944 Dec , 1467 
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Anesthesia for genito-unnary surgciy, 
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for gynecologic surgery, 1945 Tune, 
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1944 Aug 808 

pneumonia following, 1944 June, 515 
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sulfonamides in, 1944 Feb , 142 
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in children, pcntomtis secondary to, 
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in carcinoma of colon, 1944 Oct, 
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Appendix, foreign bodies m, 1944 Feb , 
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Aug. SOI 

pedicle grafts from, 1946 Aug , 904 
Artenal anastomosis, role of angiography 
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Artenosclerobc peripheral arteries, arter- 
iography of, 1946 April, 331 
Artenovenous aneurysm, congenital, 
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fistula, angiography m, 1946 Apnl, 
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congenital 1946 Apnl, 343 
pam m upper extremity caused by, 
1945 Aug, 808 

Arthntis, bed rest contnbutmg to, 1945 
Apnl, 43S 

of Icnee joint, d^bndement in, technic^ 
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Arthntis of subtalar jomt chronic m- 
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cology as plasma substitute, 1945 
Dee, 1472 

Ascorbic acid See Cctifamfc acid 
Aseptic surgical technic, histoncal 
aspect, 1946 Oct , 1035 


June, 507 

Asthmatic attack, treatment 1946 June, 
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patient, major surgery in, 1946 June, 
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Atelectasis, 1944 June, 515, 1945 
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following abdominal surgery, 1944 
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Axillary node m>x)KemeDt in breast 
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Ayre s intratracheal method, 1945 Aug , 
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Backache in women, 1945 Dea. 1313 
gynecologic aspects, 1945 Dec., 
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obstetric aspects, 1945 Dec , 1313 
low, with particular reference to lum- 
TOsacral joint and interverterbral 
disk syndrome, 1944 June, 723 
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coccal, pemcillm in, 1944 ucc, I 
1294 
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Baird’s transfusion set for children and 
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Baldy-Webster uterosuspension opera- 
tion, 1945 Dec. 1321, 1322 
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fracture of orbital nm, 1944 Apnl, 
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Banti’s disease, splenectomy for, 1945 
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Barbiturates preoperatne use. 1944 
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and postoperative use, m aged. 
1945 June. 715 

with scopolamine in labor, 1945 
Dec, 1300 

Banum enema, technic, 1945 June, C03 
Barton’s fracture, 1945 Feb , 90 
Basal narcosis, preoperative, 1945 Oct , 
1060 

Bath whirlpool, 1945 April, 432 
Beaded wires in treatment of fractures of 
leg, 1945 Feb , 174 

Bed rest, calculus formation in patient. 
1946 Apnl. 444 

undesirable effects, 1945 Apnl. 
358,437, 448 

Belladonna drugs, preoperative use. 

1944 Dec, 1381. 1384. 1387 
Biceps, long head, tenosynovitis of, 
1944 Aug , 780 

Bigelow fracture appliance for pw, 
1944 Apnl. 384, 385 
Bile ducts, anomalies, 1946 Feb , 210 
atresia of, congenital, 1945 Oct, 
1242 

Biliary fistula, postoperative, 1945 Oct , 
1163 

tract, perforations pentonitis due to, 
1944 Feb , 116 


m malignant melanomas of skin, 1944 
Apnl, 337 

of cervix in diagnosis of utenne caj- 
cinoma, 1945 June, 537 
Bisgard’s method of postoperative jeju- 
nostomy feeding, 1944 Dec . 1358. 
1359 


Bite, human, infections, 1945 OcL, 1213 
Bladder, calculi, in women, 1945 Aug , 
987 

caremoma, pathology, 1946 Oct , 
1265 

supervoltage roentgen therapy, 
1944 Dec . 1429^ 


ULi , ruou 

inguinal pain as early manifesta- 
tion, 1944 June, 715 
management, 1946 Oct , 1269 
neurogenic, 1946 Oct , 1270, 1272, 
1275 


partial or segmental, la^o vivl. 
1214 

rupture, 1944 Dec , 1402 J 

tun)Ors,J946 Oct, 1209 
diagnosis, 1948 , 1211 

pathology, 1946 Oct , U65 
treatment. 2946 Oct , 1213 
vaginal plastic operations about, cot- 
ion sutures in 1948 Oct, 1221 
wounds, J9/4 Dec, 1403 
perforating, 1944 Feb . 

complicated by injury oi low« 


elis.'red See Erythrocytes , 

Imauves. use of m obstetrics 
wnecology.JS-IS Dec . 1465. 1463 
TOTp incompatibility, 1946 June, 

rwpmg. centrifuge method, 1945 

paratus for. 194^ 757 
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Blue ne\i, 1944 April, 329 
Bone, carcinoma, metastalic, chronic 
sclerosing osteitis and, differentia- 
tion, 1944 Aug , 709. 779 
graft in ununited fracture of fem- 
oral neck, 1944 Aug , 754 
boiled, in cranioplasty, 1^6 Feb , 

44 

marrow, administration of fluids into, 

J945 Aug, 752, 767 
metastasis, from carcinoma of breast, 
radiabon treatment, 1946 June, 

731 

in gastrointestinal mabgnancy, 

1946 June. 692 

syphilis, chronic sclerosing osteitis 
and, differenhation, 2944 Aug , 

765 773 

tumors, diagnosis 1946 Apnl, 410 
Boswonh incision for removal of senu- 
lunaj cartilages, 1943 Feb , 118-120 
Bowen s disease, report of 8 cases, 1944 
Oct, 1033 

Brachial plexus, lesions, pam id upper 
extremity due to, 2946 Aug , 820 
Brackett operation 2944 Aug, 752, 755, 

Brain, abscess, penicillin in, 2944 Dec, 

1SS9 
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1063 

tumors orbital tumors associated with, 
1946^ Aug^S74 ^ 


ex ujmjaijoij, Apiu, 
hypertrophic, plastic surgery of, 1946 
Oct , 1095 

male, mahgnant tumors, 1944 Oct , 
llOS 

sarcoma, 1948 June, 718 
tumors, diagnosis, 1946 April, 319 

Breech presentations mamgemenl of 
after-coming head, 194o Dec, 
1450 ^ 

rupture of uterus and, 194o Dec 
1419 

_ , , _j -,-'>-pera- 

^ in. 

Bronchiectasis, penicillm m, 1944 Dec , 
129S 

treatment bronchoscopy m planning, 
2946 Apnl 294 

Bronchiogemc carcinoma, 1944 Aug, 
839, Oct, 1100 


Apnl, 438 

postoperative, 2945 Aug, 869 
Bronchoscopy, anesthesia for, curare in, 
1946 June, 712 

emergenev, on operabng table, 1945 
Oct, 10S3 

for tracheobronchial aspiration, tech- 
nic, 2045 Oct , 1093 
importance, in planning trcatrnenl of 
pulmonary lesions, 2946 Apnk 
292 

in abscess of lung, diagnostic, 1944 
Aug , 855 

therapeubc, 2944 Aug,S5S 
in atelectasis. 2945 Aug , 779, Oeb, 
lOST, 1195 

in caremoma of lung 1944 Aug , $44 
instruments for, 2945 Aug , 779 
postoperabve, 2945 Oct, 1086 
m thoracic surgery, 1945 OcL, 
nil 

preoperabv e, 1945 Oct , 10S3 
in thoracic surgery, 1945 Oct. 

nos 

surgeon and, 2945 Oct , lOSS 
Bron^us, adenomas, 2944 Oct , 1106 
adenomas complicabons anq treat- 
ment, 2946 Aug , 920 


Bumper fracture beaded wires m 2945 
Feb, 181, 182 


gelatin solubon intravenously in. 

2944 Dec . 130S ^ 

local therapy, 1946 Dec , 1494 
pathologic physiology, 1946 Dec. 
1488 

pemciilm in, 1946 Dec , 1493 
plasma in. 2944 Aug, 79S, 1946 
Dec, 1492 
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Calcaneus, fractures, subtalar lesion 
due to. 1945- Feb . 144 
Calcinosis, renal, 1945 Apnl, 321 
Calcium excretion in renal Iithiasis and 
hyperparathyroidism, 1946 Dec., 
1466 


rtpUJ, ■l'*4 

multiple, 1945 Apnl, 317 
postoperative treatment, J945 
April, 323 

recurrent, 1945 April, 322 
solitary, in renal pelvis, 1945 Apnl, 
317 

staghorn, 1945 April, 316. 321 
surgical treatment, 1945 Apnl, 316 
unilateral and bilateral, J945. 
April, 316 

ureteral, treatment, 1945 Aug , 982 
vesical, in woman, 1945 Aug , 9S7 
Calf muscles, thrombosis of veins of, 
1045 Oct, 1174 
Cancer See Carcinoma 
Carbuncle of kidney, penicillin in, ef- 
fects, 1945 Feb, 210 
penicillin in, 1914 Dec, 1296 
Carcinogens, external, 1944 Oct , 985 
fluorescence analysis. 1944 Oct , 1250 
internal, 1944 Oct , 989 
Carcinoids of rectum, submucosal, 1944 
Aug , 905 

Carcinoma, abdominal silicosis due to 
talcum powder and, 1944 Oct, 
1162 

broncliiogenic, broncoscopy in, 1946 
April, 295 

fluorescence studies in, 1944 Oct , 
1245 

incidence, statistical studies, 1944 
Oct, 1255 

inciting factor, single trauma as, 1944 
Oct , 994 

intra-epidermal, 1944 Oct , 1035 
mycotic granulomas simulating, 1944 
Oct. 1044 

of ampulla of Vater, radical pancre- 
atoduodenal resection for, 1944 
June, 640 

of anus and rectum, squamous cell, 
^1944^0ct^n51 


Aug , 103, I ,J 

of breast, 1946 Feb , 116, June. 723 
analysis of 300 cases, 1948 Julie, 
723 

axillary node mvolvemcnt, 1946 
Feb. 119 


Caremoma of breast, diagnostic aids, 
1946. Feb , 116, AprU. 324 
estrogens and androgens m, value, 
1946 Feb . 127 
in male, 1944 Oct, 1108 
oophorectomy in, value, 1946 Feb, 
126 

operable, treatment, 1946 Feb, 
122 

recurrent and inoperable, treat- 
ment, 1946 Feb , 124 
roentgen treatment, 1944- Oct, 
1015. 1946 June, 730 
of cervical stump, 1945 Dec, 1271 
of cervix uteri, 1944 Oct , lISo, 1945 
Dec. 1262 

biopsy in, 1945 June, 537 
clinical grouping, 1944 Oct, 

complicating pregnancy, 1945 
Dec . 1272 , 

early cases, operation vs irradia- 
tion. 1945 Dec . 1265 
radiaboD therapy. 1944 Oct, 
1017, 1191, 1194. 1945 June, 
538, 539, Dec .1269 
radical abdominal hysterectomy 
for, 1944 Oet,1193 
radium distnbubon, 1944 Oct, 

!>- 

smear technic, 191^ 1“”'’ 
530, 550. Dec, 1264 
of colon, acutely obstructing. 194-J 
Oct 1128 

complicating chrome Jcerabve co- 
litis, 1946* June, 641 
diagnosis, 1946 June, 553 
extending surgery m. 1944 ten, 


mcSLis to bone, 1946 Jime. 
M&cz operabon, modified, 1946 

unSuai ^compbeahon. 1946 

primary reseebon for. U-io J 
pi Mcency m. f.h, 

June, 551 
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Carcinoma of esophagus, 1946 Feb , 
137, June, 733, 738 
assoaated \vilh diverticulum, 1945 
June, 707 

esophagogastrostomy for, 1946 
Oct, 1127 

of jejunum, primary, 1945 June, 713 
of kidney pelvis, pathology, J946 
Oct , 1264 

of large intestine, terminal porbon, 
1946 Aug, 963 
of larjTix, J944 Oct, 1088 
laryngectomy for, 1944 Oct , 1090 
Iar>'ngofissure in, 1944 Oct , 1090 
roentgen treatment, 1944 Oct , 
1015 

of hp, 1944 OcL,1064 
premabgnant lesions, 1944 Oct , 
1064 

of lung, primary, 1944 Aug , 839, 
Oct, 1100 

blood picture In, 1946 April, 
293 

of neck, metastatic, dissecbons in, 
1946 Feb, 102 
radiation versus surgery, 1946 
, Feb .103 
of pancreas, 1944 Feb , 24 

^ * ,1 * ^ 


of penis, amputation and adenectomy 
for, 1944 Oct, 1216 
Clinical study based on 108 cases, 
1944 Oct, 1211 
incibng factor, 1944 Oct, 996 
of prostate, 1946 Oct , 1269, 1272, 
1274 

bilateralorchectomy for, 1944 Oct, 
1208 

further observabons on, 1946 
Aug, 1007 

pathology, 1946 Oct, 1266 
beatment, combined surgical and 
hormonal, 1944 Oct , 1203 
present concept, 1944 Oct , 1198 
of rectum abdominoperineal resecbon 
for, 1946 June, 528 
complicating cluonic ulcerabve 
cohbs, 1946 June, 641 
diagnosis, 1946 June 553 
postoperative care, 1946 June, 566 
comphcations, 1946 June, 570 
preoperabve pteparabon, 1946 
June, 564 

site growth, 1946 June, 551 


»ct, 

light as factor m, 1944 Oct , 1028 
primary, multiple, study of 106 
eases, 1944 Oct , 1022 


Carcinoma of stomach, 1944 June, 611, 
613, 1945 Aug, 897 
cardiac end, and terminal end of 
esophagus, surgery of, 
1944 heb, 75, 225 
thoracolaparotomy for, 
1944 teb,75, 230 
early, diagnosed as benign ulcer, 

1944 Feb, 60 

revealed by exploration, 1944 
Feb , 04 

extensive, unrevealed by x ray, 
1944 Feb . 73 

gastrectomy, subtotal, technic, 

1945 June, 679 
total, 1945 Aug , 903 

hemorrhage m, 1944 Feb , 32 
in aged person, 1944 Feb , 66 
mistaken diagnosis of, 1944 Feb , 
62 

f.i • - g84 

in, 


tion, 

ot uterus, l'J44 Uct, 11/9, 1945 
Dec, 1274 

combined irradiation and surgery 
in, 1945 Dec , 1276 
diagnosis biopsy of cervix m, 
1945 June. 537 
vaginal smear in June, 536, 550 
radium treatment, 1945 June, 539 
roentgen treatment, 1945 June, 
538, 539 

total abdominal hysterectomy for, 
1946 Aug , 1022 
of vulva, 1944 Oct, 1172 
problem, focusmg, for surgeon and 
lavTnan, 1944 Oct , 981 
produchon, factors jn, 1944 Oct , 
985 

radium in, dosages, 1944 Oct , 1003 
roentgen therapy, dosages, 1944 Oct , 
1003 

supervoltage ( one milhon volts), 
1944 Dec, 1424 

statistical studies, methods and value, 
1944 Oct , 1255^ 


Carobd artery, internal, aneurysm of, 
diagnosis and treatment, 1944 
June. 700 

sinus syndrome in thyroid surgery, 
1945 June, 639 

Carpal bones, congenital lesions, 1945 
Feb , 81 

developmental lesions, 1945 Feb , 
82 

dislocations 1945 Feb , 92 
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Carpal bones, fractures, J94S Feb , 

m 

ancient, 2S-i5 Feb , 11 
injuries, 2945 Feb , 1 
Cartilage grafts, J944 April, 4Q-1 
autogenous, 2944 April, 406 
cadaver, preserved, 1944 Apnl, 
411 

diced, for reconstniction of auricle, 
1944 April. 415 

for repair of depressions m skull, 
J94J Apnl, 412 
of depression o\ er malar tone, 
1944 Apnl. 418 
of mastoid fistula, 2914 Apnl, 
418 

isogenous, living, 2944 Apnl, 411 
Castration, roentgen, in carcinoma of 
breast, 2946 June, 731 
Catlietcr aspiration of tracheobronchial 
free. 2945 Oct , 1094 
urethral, management, 2944 June, 
no I 

use tn continuous caudal anesUiesia. , 
2945 Aug , 849, Dec , I3TI 
spinal anesthesia, 19 /S Aug. 
834 

Caudal anesthesia, continuous, for cesa- 
rean section, 2945 Dec , 1333 
in obstetrics, 2945 Aug, S4l, 
Dec. 2394 

effect on uterine contractiom, 2945 
Deo, 1433 

Caudal-sacral block for operations on 
perineum, J945 Aug, 863 
Causalgia, 1946 June, 780 
Ciutenzation of malignant melaitomas 
of skin, 2944 Apnl, 334 
Cavemostomi in pulmonary tubercu- 
lous, 2945 April. 260 
Cavernous sinus, thrombophlebitis of, 
1945 Oct, 1175 

Cavitary drainage in pulmonary tubercu- 
losis, 2945 April, 260 
Cccostomy m carcinoma of colon, J944 
Oct. 1137 

Ceimm carcinoma, 1946 Feb , 178 
Cellulitis, pelMc, postoperative, 1945 
Oct , 1209 

pemcillin in. 1944 Dec , 1297 
retroperitoneal, phlegmonous, posl- 
o/»Mb»e, 2945 Oct. 2216 
spreading^ of neck, postoperative, 
2945 Ocf,1212 

Cerebral angiography. 1948 Apnl. 326 
CerebntK m brain abscess, penicillin in 
^ 2944^ Dec, 1394 


*nt. 


C^vk, carcinom 
hysterectomy 
uten, biopsy, n 

noflta. 1945 June, 6a7 
carcinoma See Corcinoffia of cemx 
vt^ri 

conmg of. 2945 June, 483. Dec,. 
23(13 

ectropion or eversion, 1945 Dec 
13p2 

crosinn. 2945 Dec . 1301 
lacerations. 2945 Dec , 1305 
myoma, 2945 Dec, 1305 
nonmjlignant diseases. 2945 Dec. 
1299 

polyps. 1945 Dee 1304 
retention or nabothian cysts, 2945 
Dec. 1302 

tuberculosis, 2945 Dec , 1304 

Cesarean scctson. continuous spinal and 
cotitinuous caudal analgesia in, 
29/5 Dec, 1382 
uses and abuses. 2046 Apnl 444 
verter presentation in, management, 
194$ Dee . 1450 

Cevitamic acid for poor risk patient, 
1945 April, 353 

Chemotherapy m asthmatic pabent, 
194$ June. 379 

ttt thoracic surgery, preoperab\e, 
1945 Oct, 1109 , _ 


s, total abdominal 
for. 2946 Aug , 1031 
1 diagnosis 


physical reconstruction m, 2945 
April 425 ^ 

sargery of, anetthesia lor, 1944 Dee, 
1465,2945 Oct. 1079 
physiological problems pertaining 
to, 2946 Dec , 1440 
Ore- and postoperatise treatment, 
2945 Oct. 110C_ ^ 
prcmedication, 2945 Oct , 106- 
symposium on 2946 Oct . iu>a 
' unetpbined ' infections m, control 
of, 1946 Oct. 1071 
wall, cold abscess, 1948 Apn), 
loss of stability, 2946 Oct . 10^ 
wounds penetrating, 194t> ucr, 

1093 

relief of pun originating m <mest 
wall, 2944 Dec 1412 
Sucking, 2944 Dec,J41l 
Ireitrnent recent observations. 
2944 Dec. 1410 , . 

Siloml hydrate, preoperalive and 

operifive use. m aged, 194$ June. 

■holecvstectnmy for acute cholecvsfitis. 
1944 Feb.14, 29/5 ^nnl 2S5 
for cholelithiasis, 2944 Feb , 6 
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Cholecystectomy, udicabons and con* 
traindicabons, 19-i6 Feb , 214 
obstructive jaundice following, duo- 
denal diverticulum as cause, J944 
June, 635 

partial, 1946 Feb , 215 
postoperative care, 1946 Feb , 227 
preoperative preparation for, 1946 
Feb , 216 

technic, 1944 Feb 6, 1946 Feb , 
210, 219 

Choleostibs, acute, 1944 Feb, 10, 
I94S Aug , 935 

surgical treatment of 332 cases, 
1945 Apnl, 285 
when to operate, 1945 Apnl, 285 
cluonic noncalculous, 1945 Aug , 
933 

with stones, 1945 Aug , 933 
Cholecystostomy for acute cholecystitis, 
1945 April. 283 
technic, 1946 Feb, 210, 227 
Choledochojejunostomj, 1946 Feb, 
174 

Cholehthiasis, 1944 Feb , 4 
diagnosis. 1945 Aug, 931 
incidence, age and sex, 1945 Aug, 
930 

intestinal obstruction complicating, 
1944 Feb , 153, June, 048 
management, 1945 Aug, 933 
CJjcJine jji Jjv er disease and injury, 1946 
Dec, 1364 

Chondromalacia of patella, 194S Feb , 
129 

Chondrosarcoma of ihum, intractable 
pain in hip follovvang relief by chor* 
dotomy, 1946 Feb , 70 
Chordoma, spinal, protruded dish and. 


Lnromanm ten tumor or juieiui iiieu- 
ulla,1944 Aug, 922 
Chromoblastomjcosis, 1944 Oct, 1040 
Cliromomycosis 1944 Oct , 1049 
Cicitnciaf contr'ichires of axilla elbovv 
joint and knee, correction, 1945 Oct, 
1229 

Cineplastic amputations, 1944 Apnl, 
453 

prosthesis, 1945 Apnl 393 
Circulatory changes during spinal anes 
thesii, 1946 Dec, 1377 ^ 


Cleft palate, congenital, Dorrance push- 
back operation, 1944 April 
375 

procedure for lengthening palate, 
1944 Apnl. 377 
surgical correction of, 1944 
Apnl, 370 

uniting postenor pillars m me- 
dian line, 1944 Apnl, 378 


Coal tar products, carcinogenic acbvilv 
1944 Oct.9S6 

Cocadioidal granuloma, 1944 Oct. 
1056 

Co<xidioidomycosis, 1944 Oct , 1056 


therapy in physical disabihbes, 1945 
April, 431 

Colectomy See Cohn, resection 
Colitis, regional segmental, 1945 Aug, 


rectum complicating, 1946 Jutie, 


June. 661, 1945 Aprl, 303 
divided type, 1944 June 662 
double barrel type, 1944 June. 
662, 663 

ileotransverse colostomy and ileo- 
sigmoidostomy in, 1944 Feb , 
221 

resection of colon in, 1944 Feb , 
220, June, 661 
indications, 1944 June 656 
surgical treatment, 1944 Feb, 211, 
• June 636, 661, 1945 Apnl, 301 
Collateral ligaments of knee, disturb- 
ances 1945 Feb , 122 
Colics' fracture, 1945 Feb 87 
reversed, 1945 Feb , 89 
Colobomata, 1944 Apnl, 364 
Colon, abdominopenneal reseebon, 
1944 June, 669 

carcinoma of See Carctnoma of colon 
cyst, nonenterogenous, intesbnal ob- 
struction following operabon for, 
1944 Feb 148 
diverticuli, 1946 Aug , 976 


Oct. 1230 
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Colon, diverticulitis, IQ-i'f Feb, 175, 
J9^6 April, 390, June, 5B4 
colectomy lor, 19-16 Aug,9Q3 
double contrast enemas in, J946 
June, 602 

diverticulosls, double contrast enemas 
in, 1946 June. 596 
exammalion order of events in, 1946 
Feb. 176 

miunes, 1946 June, 665 
imgations, in dia^osrt of intestmal 
obstruction, 1946 ApnI. 383 
lesions, anernia in, 19-16 Feb, 193 
left half. 194$ Feb . 181 
localization, 1916 Feb , 186 
obstructive, 19-15 Feb , 186 
protein denaency in, 1946 Feb , 
189 

right half, 19-16 Feb , 188 
roentgen diagnosis, double contrast 
enemas in, 1948 June, 594 
methods, 1946 ^une, 603 


S AND 26 (1944-1946) 

Colon, resection primary, preoperative 
orders, 1916 Feb, 199 
subtotal, for ulcerative ooliUs, 1945 
Apnl, 304 

total and subtotal with review of 
72 cases, 1946 Aug , 949 
right, resection of, pnnuiy. 19-16 
June, 606 

surgery of, anuna and uremia fob 
lowing, J9J6 June, 628 
tuberculosis of, 1946 June, 659 
surgery, anesthesia for, management, 
1946 June, 703 

postoperative care, 1946 June. 
700 

premedicalion 3946 June,7CQ 
succinylsulfathiazole in, MiVuLcz 
operation replaced by end to-end 
anastomosis with. 1944 Feb . 
238 


duo to adhesions, 1944 Feb, 152, 

153 

tn caKinoma. 1944 Feb, 154 


double contrast enemas in, J946 
June 594 

preparation, /or operation, 1945 Oct, 
1134 

resecOon, anastomosis after, technic, 
1946 Oct, 1197 

for carcinoma, 19 44 Feb, 185, 
1946 Aug, 964 
pre- and postoperative care, 
1944 Feb , 200 

for congenital megacolon J946 
June 645 

for diverticulosis and diveibculiUS, 
1946 Aug, 965 
for fecal fistulas, 1946 Aug , 965 
for megacolon, 1946 Aug, 949, 
Oct 1189 

for mucous fistula 1946 Aug , 966 
for polyps, 1944 Feb, 169, 170, 
1946 Aug , 953 

for ulcerative cobtis, 1944 Feb , 
220, June. 661, 2948 Aug, 
960 

mdicabons for, 1944 June 656 
Mihjhcz type, modified complica- 
tions 1044 June, 509 
pnmaiy, 1946 Feb , 176 June 606 
postoperative orders, 1946 Feb , 
197 


Colostomy, ileotransverse, in ulcerative 
cuLtis, 1944 Feb, 231 
in carcinoma of anus and rectuizt, 
19/4 Oct. 1156 
of colon, 10/-/ Oct, 1137 
management, 194$ June, 56S 
polyps m, 194/ June, 512 
protein deficient with, 19/6 Feb, 
189 

transverse jn obstructive lesions of 
colon, 1946 Feb 168 
Colotomy for polyps of colon, 1944 
Feb, 16S 169 , 

Colovesical fistula in diverticubtis, 1944 
Feb. 283 

Columella nasi, reconstruction oi, J9io 
Aug, iri 

Complications, postoperative symposium 
on, 1944 June, 491 

Concussion mjunes, initial treatment. 
1945 Apnl 403 

Congenital megacolon 1946 June W4 
Coning of cervix, 3945 June, 4S-, Pec , 

Constipation due W bed rest, J945 
April, 438 ^ 

postoperative. 3945 Ocd.1067 
Contractures, cicatricial of atiila 
joint and knee, correction ol, 
_Ocl, 122Q, _ 


Convulsions under anesthesia aa.j 
June, 640 
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Convulsue seizures after liend injuries, 
1945 April, 415 

Coronary thrombosis, postopentive, 
1944 June, 500 

Costoclavicular syndrome, iOJ6 AuC , 
S24 

Cotton sutures in vagmal plastic opera- 
tions about bladder and urethra, 1046 
Oct , 1221 

r -u . . I 


1 1.0 , 04 

rib grafts (autogenous grafts), 1946 
Feb , 40 

tantalum in, 1944 Dec , 1437, 1946 
Feb. 33, 48 

in postwar period, J946 Aug, 841 
lecnmc, J946 Aug , 844 
vitaUmm m, 1946 Feb, 47 
Cretin, hyperthyroidism developing in, 
1945 June 672 

Crisis, post thyroidectomy, 1944 June, 
496 

Crossmatclung test, common errors in, 
1945 Oct, 1046 

Cruaate Lgament, antenor, ruptured, 
, test for, J94fi Feb, 251 
ligaments, disturbances, J945 Feb, 
122 

Cty^therapj, clinical uses, 1945 April, 
Crjjt, anal, infected, i945 Aug , 972 


C>sts, nabotliian, J945 Dec , 1301 
pancreatic, 1944 Feb , 25 
retention, of cervix, 1945 Dec , 1301 
sebaceous, of scalp, J946 Aug , 866 

Dactsocvstitis, traumatic, extirpation 


1240 

Deafness, otostlcrotic, fenestrilion oper- 
abon, selection of patients for, 1946 
Aug , 876 

De Almeida disease, 1944 Oct, 1054 

Debilitating disease, fluids in, 1946 
Dec , 1350 

Debndement of knee joint for arthritis, 
technic, J946 Feb , 249 

Decompression in intestinal obstruction, 
J946 Feb 188, Apnl,386 
m postoperatne intestinal distention, 
1944 June, 568 

DecondiUoning in convalescence, 1945 
April, 442 

Decortication of heart by resection of 


J946 

I 

f4VW< }4«K patlLlll, liJtJ April, 
351 


Dental anesthesia, 1944^ April. 485 
infection in Addison's disease treat- 
ment xvjth penicillin, J944 June, 


^y^DOsis in thoracic surgery, 1946 Dec , 
1443 

Cyclopropane anesthesia, dangers, 1945 
, Oct , 1078 

for thyroid surgery, 2945 June, 634 
Cystectomy for bladder tumor, 1946 
_ Oct , 1214, 1215 

Cysbc artery, anomahes, J946 Feb , 

212.213 

Cj^tocele, repair of, cotton sutures in, 
1948 Oct, 1223 

Cytomycosis, recticulo-endotheba), 

1944 Oct, 1058 

cytoscopy in bladder tumors, J946 
„ OcL. 1212 

Cvstnfrtm. 1- r 11 JJ _ » 


mucous, of rectum 1944 Aug , 908 


Oct, 

1049 

Dermatome, Padgett, 1944 April, 251 
Dermoid cyst of mediashnum, 1946 
_ Feb , 130 


simulating abdominal emergencies, 
1946 Dec , 1499 

surgery and, J945 Oct , 1025, 1027 
Diabetic gangrene, refrigeration in, 
1945 Feb , 202 

mothers, infants of, J945 Dec , 1480 
Diagnosis, proctologic, J946 Aug , 981 
surgical, symposium on, J946 Apnl, 
271 

Diaphragm, embryology, 1946 Feb, 
152 
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DiaphraRm, lesions causing ami inui, 
1946 Aug, 802 

penetrating wounds, infechon of 
pleural cavity following, 1945 Oct , 
1219 


Diaphragmatic hernia, clinical report of 
34 surgically treated cases, 1946 
June, 742 

r -Nnl . IOf« 1^0 


Dur 

Diathermy m physical disahihtie^ J9JS 
Apnl, 432 

Dicumarol dangers, 1944 June, 53S 
m postopentive venous thrombosis 
and pulmonary embolistn, 1914 
June, 534 


Dislocations of lunate or carpal semi 
lunar bone, J945 Feb , 95 
of patella 2945 Feb , 131 
of shoulder, recurrent, treatment 
2045 Feb , 14 

of talocalcaneal joint, subtalar lesions 
due to, 2945 Feb , 156 
radioulnar, 2945 Feb , 90 
symposium on, 29 45 Feb.l 
tibiofibubr, beaded wires in, 2945 
Feb 184 

Diverticula, esophageal, 2946 June, 736 
of intestine, terminal portion 


ist 


of thrombophlebitis and embobsm 
in pelvic surgery, 1945 June, 
601 C03 

in treatment of postoperative venous 
thrombosis, 2945 Aug, 875, Oct, 
1160 

Diet following subtotal gastrectoiny or 
gastroenterostomy, 2944 Dec, 
1358 

io^^wlostomy patients, 2946 June, 

in protein deliciency, 2946 Dec, 1314 

normal protein requirements, 2946 
Dec 1305 


Diverticulum, duodenal, simulating gall 
bladder colic 1944 June, 635 
esophageal carcinoma associated 
with 2945 June, 707 
urethra), 2945 June, 589 
Dorrance push baeV. operation in cleft 
palate, 2944 Apnl, 375 
Drainage, closed or open, m empvema 
2944 Dec, 1492 

m peritoneal infection "sump ’ dram 
for. 1944 Dee. 1316 
postural of lung abscess, 2945 Apnl, 

243 

surgical of lung abscess 2945 Apnl 

244 , , 

Drains, abdominal, removal as cause of 

fei-cr, 2944 June 558 
removal, after thyroidectomy, 2944 
June, 500 r i™ a 


in cancer of prostate, 2944 Oct, 1203 
Digital examination proctologic, 2946 
Aug 988 

Diliiidid, preoperative and postopera- 
tive use, in aged 2946 June, 717 
^ ^use 2945 Oct^, 1058 


U* Off gallbladder 


of elbow 1945 Feb 79 
in children 2945 Feb 73 
of humerus, upper end, recurrent 
1945 Feb 37 


ure, ia-i-i Aug , ‘ . 

Ip intraluminal pressure m 
avoidance in gastnc reseebon 
2948 Feb , 207 
anagement, 1945 Aug ,90- 
in gastric resection technical de- 
tails 2946 Feb, 200 
10 JX Aiiff.891 
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Duodenum, surgcr> , pre- and postoper- 
atne care, 1944 Dec, 1353 
ulcer, J9J5 Aug, 891 See also Pepfjc 
ulcer 

gallstones complicating. J9-f5 
Aug , 893 

gastnc resection for, management 
of duodenal stump, 1946 Feb , 
200 

b>’Pogl>cemia simulating, 1946 
Dec, 1503 

^rforated, 1945 Aug , 894 
Duplication of renal pehis and ureter, 
1944 Aug. 910 

Dura^cj St, sciatica due to, 1946 Apnl, 

Dust, carcinogenic acli\it\, 1944 Oct. 
9S6 

D>seDtery, amebic, 1946 June, 589 
baci!lar>. 1946 June, 585 
Dj-smenoirJiea, eonsenatue treatment, 
1945 June. 520 

presacral neurectomy for, 1945 June. 
518 

D>'spDea m thoracic siuger> , 1Q46 Dec , 
1444 

^sthesia, nocturnal. 1946 Aug , 828 
D>-strophy, sympathetic, refler, 1946 
June, 780 


Ear, lacerations, 1946 Feb , 9 
reconstruction wth diced cartilage 
grafts, 1944 Apnl, 415 
Ectopia, renal,^ 1944 Aug, 934 

Ectr 


able free dermic graft maternl, 
, 1944 Apnl 360 
ofcerMx,1945 Dec , 1302 
with symblepharon, 1944 Apnl, 
p, 367 

Edema, delayed \\ound heabng in, 
1946 Dec, 1410 

dependent, postoperatne, 1944 June, 

gelatm solution intra\enousIy m 
1944 Dec , 1310 

bypoproteinemia as cause, 1946 Dec, 
1312 

pulmonary, bed rest contnbuling to, 
1945 Apnl, 439 

postoperative, 1944 June, 507, 
1945 Aug, 871 

m thoracic surgery, 1946 Dec, 


n 


Electrociutery in cervical lesions, 1945 
Dec, 1303 ^ 

ph- 

46 

Cmbolism fat, as operitive risk, 1945 
Oct, 1024 

' pulinonarv, 1945 Oct , 1199 

postoperative, prevention and treat- 
ment. 1945 Oct . 1167, 1185 
' pubiionarv, as operative nst, 1945 
Oct. 1020 

due to bed rest 1945 April, 437 
in pelvic surgery, 1945 June, 601 
postoperative, 1945 Aug, 873, 
Oct, 1197, 1948 Dec, 1389 
anticoagulants m, 1946 Dec , 
1396 

anticoigulatJon therapy, 1944 
June 534 

early ambulation m prevention, 
1946 Dec , 1395 
venous ligation m, 1946 Dec , 
1399 

venous bgUion in, disadvantages, 
1944 June, 534 

Emergency openlions, premedicrlion, 
1945 Oct, 1066 

Emphysema, “compensatory,” following 
pneumonectomy without thoraco- 
plasty, 1946 Dec , 1451 
Empyema penicillin in, 1944 Dec , 
1296, 1498 

treatment, current practice in, 1944 
Dec. 1492 

tuberculous, surgery for, 1945 Apnl, 
268 

Encephalography in head injuries, 1945 
April 409 

Endometnal biopsy, 1945 June, 576 
Endometnosis, interml, 1945 Dec , 
1287 

Endotheliomyeloma 1944 Aug, 768 
Endolracheil anesthesia, 1944 Dec , 
1468, 1945 Aug 795 
for pkistic surgery, 1944 Apnl, 476 
intubation, method, 1945 June, 632, 
Aug , 796 808 
tube, removal, 1944 June, 521 
Enema, air, double contrast, in roentgen 
diagnosis of colonic lesions, 
1946 June, 594 
technic, 1946 June, 603 
banum technic, 1946 June, 603 
Enterostomy in carcinomi of colon 
1944 Oct , 1137 

Entero utenne fistuh case report, 1945 
June 542 

Entropion, cicatricial 1944 April 363 
Epliednne use in spinal anesthesia 
1944 Dec, 1382 1385 1387 
Epicjothus, cicitricnl 1944 April 350 
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Epineplirine, use, in spinal anesthesia, 
1944 Dec , 1382, 1335 
Epiphyseal separation, distal, of radius 


c. 


Rh factor and, 1944 Aug, 827, 
1945 Dec . 1480 

Erythrocytes, conglutination of, in shocl, 
1946 Dec. 1423 

powdered, as dressings for wounds 
and ulcers, 1944 Aug, 814 
resuspended transfusion of, 1945 
Aug 758 

use in obstetrics and gynecology. 
1945 Dec. 1469 


Esophagogastrostom} for lesi^ of 
up^er end of stomach wd lowr 


Esophagoscopy, anesthesia for, curare 
in, 1946 June, 712 
mediastmitis complicating, 1944 
June 578 

Esophagus carcinoma, 1946 Feb, 137, 
June, 733. 738 

associated with diverticulum, 1945 
June, 707 

esophagogastrostomy for, 1946 
Oct, 1127 

supervoltage roentgen therapy, 
1944 Dec, 1429 
diverticula 1946 ^one,^736 


lower, diseases of. roentgen diagnosis, 
1946 April, 306 

obstructing lesions surgical aspects, 
1946 June, 733 

terminal end, and cardiac end of stom 
ach, caremoma of, surgery m, 1944 
Feb , 225 

thoracic, carcinoma of 1944 June, 
684 

Estes’ operation for stenhty, 1945 Dec , 
1346 

Estradiol dipropionate in treatment of 
venous thrombosis 1945 Oct 1179 


in menopause, 1945 June, 564 
in preoperative care of thyroid patient. 
1945 Oct, 1145 

therapy in carcinoma of breast, 1946 
Feb. 127 

with progesterone in habitual abor 
tion 1945 Dec , 1324 
Etlier anesthesia for thyroid surgery, 
1945 June, 635 

open-drop, dangers, 1945 OcL, 
1072 

rectal. In obstetnes, 1945 Dec, 
1361 

with otygen and nitrous otide, 
1945 Oct. 1072 

Ethvlene anesthesia for thyroid surgery, 
1945 June. 634 

Eversion of cervix, 1945 Dec, ISO- 
Ewing's sarcoma, 1944 Aug . 768 
Exercises In physical disabinties. 1945 
ApnI. 433 

qmdneeps, 1945 Feb. 133 

Exophthalmic goiter See Hypertkyroid 

Extradural hematoma, 2944 Dee , 
1451 „ , . 

Extremities, amputations See Ampura 
Hons _ 

fibrosarcoma 1944 Oct ,1220 


fibrosarcoma 1944 
infections overwhelming rerngera 
Den in. 1945 Feb 206 


Donln.jy4o reo 1500 
lower, phlebotlirombosis of, 19*5 

proslheses^lSlS Apnl, S9l 
sensory distribution of nerve roots, 

trauma, refrigeration m, 1945 Feb , 

upper, pain in. symposium on, 1946 
Aug . 799 

prosUieses, 1945 April, 392 
Surface defects^ 
abdominal flaps, 1944 Apnl 

Eye, prosthesis, problems of 2946 
Aug, 848 

soclet See Orbit , • 

Eyelids, adhesions, inteiroargmal, tech 
me. 1944 April. 352 

defects in. 1944 Apn^ 
dermatitis, 1943 

eversion of. cicatricial, 2944 Apm 

lacerations, 1946 Feb , 6 , 

lower, lacerations ol J^ofS. 
canthus downward and ouwaw. 
1944 April 356 
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E^TcLds, ^-ertical si:<r*en^^ defjnn.- 
tKS plastic and reccnstructiw snr* 
gical correction, 1944 April, WS 

Face, abrasions, 1945 Feb^ 5 
eatra-oral injt^ons of, for anesibes-i, 
1944 April, 4'o 

injnnes, earK raanacecaent. JWS 
Feb, S 

Licerations, J945 Feb, 5 
Faniin,i9i5 June, 702 
prcstfcesis, problems cf. 1945 \i.r, 
546 

reconstructions about, petLcIe grafts 
from ann> for, 1946 Feb, 20 
s’>iicer> about, anesthesia for. J944 
Dec, 1467 

Facial bone feactares, 1946 Feb, 9 
ner\^, tranmahc lesozis secorsixT> to 
war wounds, repair of, J946 June, 
763 

FaDopiaa tubes, patencj, Rubm test for, 

1945 Dec, 1S41 

plastic operaiiotjs cn, J945 Dec, 
1348 

Fat eiaboLsm as opemtn-e ns^ 194S 
Oct, 1024 

pulmcoai^, postoperati\'e, 2945 
Oct, 1199 

Fear control, la raacagenient of bbor 
aaddeh^r^, 1945 D«, 1332, 1374 
Fecal fistuli, abdomraal, tmiltiple, coleo- 
tom> for, 2945 Aug, 965 
postoperati>-e 2943 Oct- 1160 
tuberculous, 2945 June, 60S 
Fecahlbcf rectum, 2944 Aug, 90$ 
lert-SeeFtiot 

Femoral ii'ein bgation m postoperatise 
venous tiuombosis and embolon, 

1946 Dec 1399 
hpbon of, 2945 Oct, 11S3 
phlebothroinboisis of, 1943 April, 

r S25 

temoro-ihac tbrombopblebitis, 2944 
Joae, 541 

remur fractures neck, debited union or 
nonunion, operaboa for, 1946 
Feb, 242 

recent oxjeiab-ve treatment, 
2946 Feb , 230 
ununrted, treatment 1944 Ang 
751 


Uonumon m, 2944 April, 423 426 
tnmsfi.'uon screws a^ pbte m, 
- 1945 Feb, 101 

tenestrabcm operahon for otosclerosis 
how it improvTS hearm" 1946 
Aug 87S 

probabtlitv of successful result 
1946 Aug S7S 
selecboa of patents 1946 Aug , 
r S 1 6 

‘■^■er causes of foIIowmC abdominal 
°P«uboris 1944 June. 534 


Fever pc<*cperibve, eEect cf cltra- 
vTo’e* irrad-abcn cf a,r at opera- 
tea on, 1945 Oct, 10~S 
pc <b>p f<fnecbTr\ 2944 Jura; 3S6 
Fib-ia team as bemestabe, 2945 April, 
341 

Fib*o-aA?coina cf breast d_igncsis 
1945 AprJ. 323 
cf s*ctsacb, 1044 June, 607 
Fibroids cf u*— us, 2945 Dec, 12S1 
b>3*sr*ctcrav for, «ubtetal, 1945 
June 4"3 

total, cb-ecticns to, 2945 June, 
4SI 

imiabcn tfcerap' , 1945 Dec, 
1305 

Fibroma c£ tdne% cct*“i, 194“^ Oct, 
2263 

cf ovarv, rev-ew of 22 case^, 1945 
June, 4S0 

of rectum, <ubmuco>‘aI, 1944 Aug, 
907 

Flbromvxrraas cf uteiu:>, 2945 Ifcc, 
1251 


irradLaticn tbenpv, IS45 Dro, 
1305 

nb-csarcotaa cf eatremihes, 2944 Oct, 
1220 

of scalp 1946 Aug, $67 
Fibrosis u'en. imdabon tberapv, 2945 
Dec, 1305 

Flbrosibs cf sboUder 294$ Acg, So9 
Rbrotfcorai. 2944 Dec, 1416 
Fibula, fnictures, beaded wues in, 2943 
Feb, 179 

FUtn-cemented sJan grafts, 1944 Apnl, 

251 


for peptic ulcer, gastrojejunal ulcer 
foUowing, 2945 June, 755 
First ihoraac nb svmdronie, 2946 Aug, 
S26 


Fissure anal, 2945 Aug , 973 
Fistula, abdominal walk in dive’bcuhbs, 
1944 Feb, 183 
anal, 1945 Aug, 97S 
artenov'enous angiograpb\ m. 2946 
Apnl 332 

congemlal, 2945 April, S4-3 
pam in upper eatfemit> caused b> 
1946 Aug, SOS 

biliorv postoperabre, 1945 Oct, 
1163 

bronchopleural, 1944 Dec , 1304 
crfOTCSJcaL m diverbculitis, 1944 
Feb , 1^ 

duodenal, postoperative, 1943 Oct, 
1161 

entett>«teruie, case report, 194o 
June. 342 
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Fistula, fecal, abdominal, multiple, 
colectomy for, 1946 Aug , 


»6 

mastoid, repau miui w.,. 2 /e 

grafts, 1944 Apnl, 418 
mucous, resection of colon for, 19-16 
Aug , 966 

pancreabc, postoperative, 19-15 OcL, 
1162 

rectQ%agma!, repair of, 194S June, 
516 


following gastrointestinal «i>eu- 
tions, 19-15 Oct., 1135 
m paralytic ileus, 1944 June, 573 
problems m surgery, 19-16 Dec, 
1330 

routes of, 1945 Aug . 750 
substances employe, 1945 Aug, 
754 

to poor jisV.” patients, 19-15 Apnl, 

ah 

body, physiology of, 19-16 Dec, 1330 
Fluorescence analysis of carcinogens, 

1944 Oct. 1250 

studies m carcinoma, 1944 Oct . 1245 
Fluoroscopic removal of foreign bodies 
in neck, 1948 Oct, 12^ 

f! 

130 

»45 

Forceps deliveries, rupture of uterus in, 

1945 Dec, 1417 

obslctncal.cOTnmontypcs, 1945 Dec, 
1445, 1446 

conditions for, 1945 Dee . 1442 
fundamental pnnnples 1945 Dec. 
1437 


anstoriiy, j /-t > l eu , 

fractures, both bones 1945 Feb, 48 


n neck removal under fluoroscopic 
control 1946 Oct 1283 
npentoneum 1944 Feb HO 
left at operation 1944 Feb, 116 


25 AND 26 (1944-1946) 

^Ts'S dS?!®’’'''” ty- 

Fractw^^orauons^of carpal bones. 

of humerus, upper end, 1945 Feb m 
of beaded wues in, 1943 p’eb , 

Fractures about wnst 1944 Apnl. 430 
Bartons, 1945 Feb, 90 

bumper, beaded wues in, 1945 Peb 
181. 182 ■ 
Col]esM94S Feb. 87 
reversed, 1945 Feb, 89 
compound, closed plaster treatment, 
present status, 1945 Apnl 4^ 
septic, 1344 Apnl, 420 
ep^ndylar, m children, 1945 Feb , 

healing of, 1946 Dec, 1470 
protem deficiency and, 1946 Dec 
1312 

large bone defects, 1945 Apnl, 424 
matunion, reparative problems m. 

1944 Apnl, 429 
nonunion, 1949 Apnl, 423 

and loss of bone substance, repara 
five problems jn 1944 Apnl 422 
of alveolar process. 1945 Feb l6 
of calcaneus subtalar lesions due to 

1945 Feb, 144 

of carpal bones. 1945 Feb , 1, 92 
ancient, 1945 Feb, 11 
of elbow in children, 1945 Feb, 89 
of facial bones, early management, 
1948 Feb. 9 

of femur, neck, delayed union or non 
union, operation for, 1946 
Feb. 242 

recent operative treatment 
1946 Feb . 230 
ununiled, treatment, 1944 Aug, 

751 . 

transfixion screws and plate la, 
1945 Feb 101 

of fibula, beaded wires m, 1945 Feb , 
of forearm both bones, 1945 Feb , 
compound. In child, 1945 

gteensticV,1945 Feh,53 
near wnst 1945 Feb 91 
open reduction and metal plate 
in 1945 Feb 55 
simple, 1945 Feb, 53 

with nostonerativeinfecbon. 

1945 Feb, 57 
treatment, 1945 Feb ,50 
with nommion 4^45 Feb , 58 
of frontal bone 191S Feb, 10 
of hip surgical treahneat, 1946 F > 

unfmlted. treatment, 1944 July 
751 
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Fractures of humerus, Rlenoid fossa, 
i9-#5 Feb , 44, 45 
anterior nm, 1945 Feb , 38, 39, 
44 

lower bp, J945 Feb, 42, 44 
greater tuberosity, J945 Feb , 43 
headsphtting, 1945 Feb , 45, 46 
lateral contft'lc, m children, 1945 
Feb, 67 

lesser tuberosity, J945 Feb, 43 
lower end, intercondylar, T- or i-, 
in children, 1945 Feb , 76 
medial epicondyle, in children, 
J945 Feb , 71 

supracondylar, in children, 1945 
Feb, 61 

upper end J94S Feb , 28 

classification based on etiology 
of trauma, 1945 Feb , 28 
marginal injuries, 1945 Feb, 
43 

three fragment, 1945 Feb , 30 
two-fragment, 1945 Feb , 35 
of leg, beaded wires in, 1945 Feb , 
174 

of long bones, plating technic, 1945 
Feb , 99 

of malar bones, 1944 April. 340 
of rnandible, 1946 Feb , 16 


of orbital nm, depressed, 1944 April, 

840 

water-iofiited balloon in, 1944 
April, 343 

of os calcis involving articular sur- 
faces, 1945 Feb , 161 
of patelh, beaded wres m, 1945 
Feb, 180 

of radius, head and nech, m children, 
1945 Feb , 74 
lower end, 1945 Feb 87 
styloid process 1945 Feb, 90 
wth fracture of ulna, 1945 Feb , 
48 

of scaphiod bones, carpal, 1945 Feb , 
93 


Frazier head cap in, 1944 Dec , 
1340 

initial treatment, 1945 Annl 404 
operative treatment, 3045 April, 
408 

sterile netrolatiim giuze pacX in, 
1944 Dec 1337 
depressed, 1944 Dec , 1450 


Fractures of talus, subtalar lesions due 
to, 3945 Feb , 153 
of tibia plateau, open reduction, 
beaded wues in, 1945 Feb , 
187 

platmg in, 1945 Feb , 99 
posterior malleolar, beaded ivires 
in, 1945 Feb, 189 
transfixion screws and plate in, 
1945 Feb, 102 

of ulna, coronoid process, 1945 Feb , 
79 

styloid process, 1945 Feb , 90 
with (hslocation of radial head, 
plating in, 3945 Feb , 99 
with fracture of radius, 3945 Feb, 
48 

of zygomatic bone, 3940 Feb, 11 
physical reconstruction in, J945 
Apnl, 420 

Smith's, 3945 Feb , 89 
supracondylar, In children, 1945 
Feb. 61 

symposium on, J94S Feb , 1 
Frazier head cap in compound injuries 
of skull, 3944 Dec, 1340 
Freckles, malignant, 3944 April, 328 
From's s^drome, 3944 Aug , 899 
Frontal bone, fractures, 1946 Feb 10 
Fulguration of bladder tumors, supra- 
pubic, 3946 Oct , 1214 

Ft • 

Apiii, oi4 

Fundusectomy for fibroids, 3945 Dec , 


Fusion of spine, postoperative manage- 
ment, 3944 June, 599 

GALLSLAnnEn, anomalies, 3946 Feb , 
210 

aspiration of, 3944 Feb, 7 


pain of, simulated by pain due to 
intraspmal tumor, 1944 Aug, 
893 

draimge of, in acute cholecystitis, 
1944 Feb, 12 

Gallstones See also Cholelithiasis 
comphciting duodenal ulcer, 1945 
Aug , 893 

madence, age and sex, 1945 Aug, 
931 

Ganghon of ivnst 1945 Feb , 82 
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Gangrene, cutaneous, chronic progres- 
sive, postoperative, i94S OcL. 
1208 

diabetic, refngeratioa in, 1945 Feb , 
202 

gas See Gas gangrene 
streptococcal, hemolyhe, 1945 Oct , 
1207 


for carcinoma of stomach, 1945 
June, 679 

for gastric hemorrhage, 1944 Feb, 
39 

for peptic ulcer, 1944 Feb, 58, 
June, 620 

jejunal ulcer following, 1944 June, 
624 

preoperative and postoperative 
care, 1944 Dec. 1356 
total, 1945 Aug , 903 

postoperative care, 1944 Dec , 
1302 


gastrojejunal ulcer following, 1946 
June, 752 

jejunal ulcer following, 1944 June, 
624 

preoperative and postoperative care, 
1944 Dec, 1356 

Gastrointestinal hemorrhage, causes, 

1944 June, 675 
management, 1944 June, 675 

surgery, comphcations following 

1945 Oct, 1153 

pre- and postoperative care. 1945 
Oct. 1130 


Gistroiemnal ulcer, 1945 Aug , 900. 
1946 June 751 

Gastrofeiunocolic fistula 1944 June, 625 
operation for, 1944 June, 625. 
626 


Gastroscopy attempted, perforation of 
gastnc wall dunng, 191-1 Feb , 77 
Gauze, absorbable, as hemostatic. J9-1S 
April, 342 


IJ-H UKL, lOUU 

in gynecology and obstetncs. 
194S Dec, 1472 

Cenitounnary comphcabons following 
large bwel surgery, 1946 June, 
6 ^ 

surgery, anesthesia for, 1944 Dec, 
1466 

symposium on, 1946 Oct , 1209 
trai^ lesions, unnecessary abdominal 


lower Lp, 1945 Feb, 42, 44 
injuries, 1945 Feb , 44, 45 
Glomerular filtration, rate of, measure- 
ment, 1946 Oct , 1230 
Glomus tumor, pain m upper eirtremity 
dueto 1946 Aug. 831 
Glossopharyngeal neuralgia, 1944 Aug , 
959 

Glucose, parenteral use, 1945 Aug, 
755 

use in obstetrics and gynecology, 
2945 Dec , 1472 

Goiter, adenomatous, myxedema and, 
1945 June, 660 

exophthalmic See Ilyperth/roidtsm 
intratiioracic, 1945 June, 609 
toxic diffuse, total thyroidectomy m, 
1946 Feb . 100 , 

nodular, total thyroidectomy in. 
1946 Feb . 99 , 

Gonadotropic therapy in amenorrhea, 
1945 June, 561 

Gonococcal cemciOs, 1945 Dec , 1-99. 

peritonitis m children, 1944 Feb , 100 
Grafts, cartilage, 1944 Apnl, 404 
skm See Skin gro/tr ^ 

Granuloma, coccidioidal. 1944 Oct, 

mycotic, simuhlmg malignant disease 
1944 Oct, ,1044^^ 


Gi^V ir^sverse ’hci^on for ^hole 
iwstpptomv. 1946 Feb 217 
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Gyaecologic surgerj , anesthesia for, 
1945 June, 530 
s>-mposium oo, 1945 June, 473 

G>Tiecology, blood, blood demalives 
and blood substitutes in, 1945 
Dec , 1463 

recent advances, symposium on, 194S 
Dec, 1261 

Hacluvd footboard, applicabon, 1945 
Feb, 149 

Hair-bearmg^ scal^ for repair of uiu- 


Hawley s angle plate, 1945 Feb , 103, 
106 

HajTies-Cnffin splint m fractures of man- 
dible, 1944 April, 333,3^ 

Head injuries, 1944 Dec , 1444 

base hospital management, 1945 
Apnl, 404 

comphcabons, treatment, 1944 
Dee, 1433 

convubive seizures after, 1945 
Apnl, 415 

emergency treatment, 1944 Dec, 
1446 

operative, 1944 Dec, 1450 

encephalography in, 1943 Apnl, 
409 

general hospital maiusement, 2945 
Apnl, 408 

infections complicabng, 1944 Dec , 
1453 


Headache, 1945 June, 702 
and paroTysmaJ hypertension before 
and after removal of pheochromo- 
cytoma, 1944 Aug , 922 
postsninal, 1945 Oct , 1069 
spinal puncture. 1946 Feb , 87 
Healing of fractures 1946 De&, 1470 
of wounds, 1946 Dec , 1404 
Heart, decortication, by resecbon of 
pencardiuin, 1946 Apnl, 4S0 
disease, arm pam due to, 1946 Aac , 
804 

operahve nst and, 1945 Apnl, 
354 

failure, congestive, acute, postopera- 
tive. 1944 June, 507 
operabons on, anesthesia for, 1945 
^ ^OcL,^ 1081 

tht 

Heliotfenpv m physical disabilibes, 
1945 Apnl, 434 


1014 

of stomach, 1944 June, 607 
Ilematemesis, 1944 Feb , 29 
Hematoma, ertradural, 1944 Dec,, 1451 
ossifyang, traumabc, chronic sijleros- 
mg osteitis and, differenbabon, 
1944 Aug, 767, 776 
subdural, 1944 Dec., 1452 
HeimIaininectom>, 1946 Feb , 70 
for chordotomy, 1946 Feb, 70 
for removal of neurodbroma of spinal 
cord, 1945 Feb. 74 
Hemiplegia, postoperabve, 1944 June, 
506 

Hemo-antnim, 1944 Apnl, 340 
Hemoglobin solutions, parenteral use, 

1945 Aug , 757 

Hemolysis, intravascular, complicating 
blood transfusion, 1946 June, 6S2 
Hemob-bc anemia, congenital, splenec- 
tomy for. 1944 June, 584 
icterus, splenectomy m, 1945 Aug , 
8S4 

Hemoptysis, bronchoscopy id, value, 

1946 Apnl, 296 

Hemorrhage as operabve nsk, 1945 
Oct, 1018 

oxcubtory adjustments in, 1946 
Dec. 1368 

fiuidsm, 1946 Dec., 1331 
gastne, 1944 Feb , 29 
blood transfusions m, 1944 Feb , 
35 

indicabons for operabon, 1944 
Feb , 38 

gastrointesbnal, causes, 1944 June, 
675 

management 1944 June, 675 
m carcinoma of stomach, 1944 Feb , 
32 

in gastntis, 1944 Feb, 31 
in pepbc ulcer, 1944 Feb., 30, 33, 53, 
Dec. 1285, 1946 Oct.1140 
mtracramal in head injunes, 1944 
Dec, 1431 

in newborn, 1943 Dec., 1477 
mtrapentoneal in nonpenetrating in- 
lunes of abdomen, 1944 Auz . 
883 

of pregnancy, 1945 Dec., 1403 
postoperative, m abdominal surgery, 
1945 Oct. 1159 
m gastroduodenal surgery, 1944 
Dec , 1353 

m jaundice, 1944 June, 507 

■ ■ • ■ ’491. 
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Hemonhage, rectal, diagnostic stgiufi- 
cance, 1946 June, 574 
retroperitoneal in nonpenetrating In* 
Junes of abdomen, 1944 Aug , 889 
Hemorrhagic purpura, splenectomy m, 
1945 Aug 885 ^ 

945 

new methods 1945 Apnl, 338 
Hemothorax, 1946 Oct, 1088 
chrome, 1944 Dec .1410 
open operabon, technic, 1944 Nov , 
1417 

clottedor chrome, 1946 Oct,l0S8 
traumabc, 1944 Dec, 1413 
chemotherapy, 1944 Dec, 1415 
unmediate treatment, 1944 Dec, 
1413 

reetpansion of wounded lung, 1944 
Dec. 1414 

Heparm in postoperabve venous tlirom* 
bosis and pulmonary embolism, 
3944 June, 535 


603 

m treatment of postoperative venous 
tluombosis, 1945 Oct, 1179 
subcutaneous Use, after thrombec* 
tomy, 1945 April, 328 
tolerance test, 1945 Oct , 1178 
Hepatic artery, anomalies, 1945 Feb , 


surgical repair, Feb , 152 
in adult Feb , 158 
in infancy and childhood, 
1946 Feb, 153 

hiatus, esophageal roentgen diag- 
nosis, 1946 April 311 
Inguinal, repair of, 1945 Feb, 220 
report or 1126 cases, 1945 Feb , 
219 

penneal, following resection of rec- 
tum, 1944 June, 679 
unusual, producing abdominal pain, 
1944 June, 731 

ventral, repair of, 1945 Aug , 868 
Herniorrhaphy, inguinal, technic. J94S 
Feb , 219 

Herpes zoster, protruded disV and, dif- 
ferenbalion, 1946 Apnl, 276 
Hnhis hernia esophageal roentgen 
diagnosis, 1946 Apnl, 311 


Hiatus, sacral, roentgen visualizahoa. 
ISgi*® pregnancy. 1945 Dec., 

High forceps operation. 1945 Deo 
1451 ’ 

Hip, fractures, surgical treatment, 1946 
Feb . 230 

unumtM,treatment,1944 Aug, 751 

Hirschsprungs disease, 1946 June, 644. 
Oct, 1170 

Histiocytosis, rebculo-endolhelial, 1944 
Oct 1038 

Histoplasmosis, 1944 Oct , 1058 

Hodgkm's disease, mediastmal lesions 
1946 April, 285 

supervoltage roentgen therapy, 
1944 Dec , 1431 

Hofmeisler tescebon for gastric hemor- 
rhage, 1944 Feb, 41, 42 
technic, modified, for subtotal reseo- 
bon of stomach for carcinoma, 
1945 June, 679 

Holden’s techmc of galpmgoplasty, 1945 
Dec . 1349 

Homans’ sign, 1944 June, 540, 1945 
Apnl, 326 

Hormone treatment of caronoma of 
prostate, combined with surgery, 
J944 Oct , 1203 

»• 1 T 


fractures, greater tuberosity, 1945 
Ffh,43 , 

Ffb 45,46 

lateral condyle, in children, j»4o 
Feb. 67 . 

lesser tuberosity, 1945 Feb , 43 
lower end, intercondylar, T or I-, 
in children, 1945 Feb , 76 
medial epicondyle, in children, 
1945 Feb, 71 , ,, 

supracondylar, in children, 194 j 
F eb .61 „ , 

upper end 1945 Feb . 28 

classiRcation based 

of trauma, 1945 Feb . -3 
marginal injuries, 1945 reo. 

three 


Hy^lmephroma of hdney. pathology, 
W46 ^t. 3257 
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paroxysmal, before and after removal 
of pheochromocytoma, 1944 Aue , 
922 

total thoracic and partial to total lum- 
bar sympathectomy and celiac gan- 
glionectomy in, J946 Oct , 1 109 
Hyperthyroidism, acromegaly with, hy- 
pertension in, 1944 Dec , 1365 

action of certain therapeutic agents in, 
J946 Dec, 1459 

development in a crehn, 1945 June, 
672 

pathologic physiology, 1946 Dec , 
1454 

pre- and postoperative care, 1945 
Oct, 1142, 1148 

primary, subtotal thyroidectomy for, 
ten to twenty year results, 1945 
June, 651 

thiouracil in preoperalive preparation, 
1945 June, 645, Oct , 1145 
anesthetic considerations. 
1945 June, 628 

treatment, myxedema foUowmg, 
1945 June, 666^ 

I 


simuhting abdominal emergencies, 
1946 Dec , 1502 

Hypoparathyroidism simulating abdomi- 
nal emergencies, 1946 Dec , 1504 
Hypoproteinemia, postoperative, 1945 


cies. 

Hysterectomy for carcinoma of uterus, 
1944 Oct, 1183^ ^ 


. o '945 

Dec, 1285, 1286 

total, abdominal indications for, 
1948 Aug, 1018 
ments and a technic for, 1945 
Dec. 1291 

for fibroids 1945 Deo . 1285, 1287 
technic, 1945 June, 473, 485 

IcTznus See/c«ndice 
Ileitis, regional, 1946 June, 590 
Ileocolostomv end to side, 1946 Oct , 
1202-1204 

side to-side, 1946 Oct , 1201, 1202 
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Ileosigmoidostomy in ulcerative cohtis, 
194i Feb, 221 

Ileostomy, anuria and uremia following, 
1946 June, 628 

in ulcerative cohtis, 1944 Feb , 214, 
216, June 661, 1945 April, 
303 

divided type, 1944 June, 662 
double-barrel type, 1944 June, 
662, 663 

Ileotransverse colostomy m ulcerative 
cohtis, 1944 Feb, 221 
Ileum, rupture of, 1944 Aug, 886 
tuberculosis, 1946 June, 659 
Ileus, adynamic, postoperative, 1944 
June, 560 

management, 1944 June, 568 
paralytic, in pentonitis in children, 
1944 Feb , 97 

postoperative, 1945 Oct , 1137, 1150 
Iliac vein, phlebothrombosis of, 1945 
Apnl, 325 

Ihum, chrondrosarcoma of, intractable 
pain in hip following relief by chor- 
dotomy, 1946 Feb , 70 
Impalements, rectal, 1944 Aug , 868 
Incisions, abdominal, anatomical nrm- 
ciples involved in, 1945 Apnl, 
271 

transverse, advantages, 1945 Apnl, 
272 

technic, 1945 Apnl, 278 
Infantile paralysis See Pohomyehtis 
Infants of diabetic mothers, 1945 Dec > 
1480 

premature, care of, 1945 Dee , 1478 
Infected wounds See Wounds, infected 
Infections, acute, pemcillm in, 1944- 
Dec, 1294 

chronic, penictllm in, 1944 Dec 
1298 

human bite, 1945 Oct , 1213 


postoperative, 1945 Oct, 1202 
se^ndary, postoperative, 1944 June, 


uTOxpIain^ in surgical wounds, 
control of, 1946 Oct , 1071 
Inguinal dissection in carcinoma of anus 
and rectum, 1944 Oct 1156 
hernia, repair of. 1945 Feb 220 
report of 1126 cases, 1945 Feb , 


-- I -'-iiaung. 1944 Aue 872 

‘’"ef 'SI, AUS. 

oiM, 1946 Oct. 1150 
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Injunes, facial, early managemeDt. 
1946 Feb . 3 

head, 1944 Dec , 1444 See also Head 
inmTics 

lehabihtabon in, 1915 Apnl, 403 
intestinal, nonpenetrating, 1944 Aug, 
,883 


of colon and rectum, 1946 June, 
665 


IIK.1U, LfeC.lOJI 

spme, physical reconstruction in, 
1945 Apnl, 425 

spleen, nonpenetrating, 1944 Aug, 
874 

stomach nonpenetrating, 1944 Aug, 
88 ^ 

wrist, 1945 Feb , I 

Inspection, proctologic, 1946 Aug, 985 

Insulin dosages, m surgical patient, 
1945 Oct. 1028 

Intervertebral disks, hermation, 1944 
Apnl 467, 1943 Aug, 990 
as cause of low back and sciatic 
pain, 1944 June, 723, 726 
diagnosis, cautions m making. 

1044 Apnl. 407 
diilerential diagnosis, 1946 

' Aug , 998 

infreciuency of, as cause of back* 
aclie, 1944 Apnl, 472 
lumbar, differentiation from dis- 
eases of spinal and pcnpberal 
nervous systems, 1946 Apnl, 
272 

pain in upper extremities due to, 
1946 Aug, 813 

Intestinal anastomosis, end to-end, 


Intestinal obstruebon. due to scar tis- 
sue about appendectomy, 1944 
Feb, 156 

fluids in, 1946 Dec., 1352 

following operation for nonenteiog- 
cnous cyst of colon, 1944 Feb , 
148 

in children, peritonitis secondary to 
1944 Feb ,100 

physiologic pnnciples, 1946 Dec . 
1427 

postoperabve, 1945 Oct. 1137. 
1156 

treatment, 1946 Apnl, 384 
tuberculosis, 1046 June, 5^ 

surgical treatment, 1946 June, 636 
Intestine, large, penebating wounds, 
1944 Feb . 87 

terminal portion, diverbcula, 1946 
Aug, 976 

lesions of, diagnosis, 1946 
Avg. m 

malignant lesions, 1946 Aug , 
066 

polypoid disease, 1046 

Aug , 971 

rupture of, 1944 Aug , 683 
small, penetrating wounds, 1944 
Feb . 84 

preparabon, for operabon, 1945 
Oct. 1133 

Intra-abdominal abscess, postoperabve, 
J945 Oct, 1156 , _ 

Intracranial aneurysm 1944 June, 700 
hemonhage in newborn, 1945 Dec , 

1477 

injuries. 1941 Dec. 1444 
InlramaTTOW Injections 1944 Aug, 602, 
1945 Aug. 752, 767 
Intraperitoneal abscess follo\vin| ab- 
dominal surgery, 1944 June 558 
Intraspinal tumor, pain jjroduced ^oy. 


npill, 


relation of obstructive vomiting to, 
1946 Dec, 1431 
fistula fluids in, 1946 Dec , 1353 
intubation, 1946 Dec , 1436 
obstruction, 1944 Feb , 146, 1946 
April, 382 

diagnosis 1946 Apnl, 382 
due to adhesions, 1944 Feb , 152, 
153, 158 

to carcinoma 1944 Feb , 154 
to diverticulibs 1914 Feb, 182 
to gallstone, 1944 Feb, 155, 
June, 648 


8U6 

tubes. 1945 A^. 802 

inflatable cuff^for. Aug , 80o 
Intravenous administration ot cuias, 

1945 Aug 750 

alimentation in paralybc ileus 1944 

anesthesia, 1945 Aug,788,Oct , 1^6 
for gynecologic surgery, 

June. 550 

for operahons on perineum, ia-io 

Ort 1063 
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Intubation in postoperative intestinal 
distention, June, 568 

intestinal, 1946 Dec , 1436 
intratraclieal, 1945 June, 632, Aug, 
796, 808 


from, 

m hypertliyroidism, action of, 1946 
Dec, 1459 

preoperative, m thyroid surgery, J045 
Oct, 1144 

radioactive, 1946 Dec , 1459 
Iontophoresis in lymphedema with ulcer- 
ation of leg, J945 April, 336 
Irradiation See also Roentgen and 
Radium 

of malignant melanomas of skin, 1944 
^ April, 334 

1 

Islet tumor of pancreas with hypenn- 
suhnism, surgical treatment, J84S 
June, 719 

Isografts, 1946 Aug, 898 


nepatocellular, diUerential diagnosis, 
1944 Dec., 1374, 1375 
Jaw, lower, surgery of. local anesthesia 
for, 1944 April, 482 
osteomyehtis ol, J944 April, 392 
trauma and, 1944 April, 399 


Jej 


Jeiunosotomy feeding, wistopesaAvve, 
1944 Dec , 1358, 1359 
nutrient, preliminary to esophagogas- 
troslomy, 1946 Oct , 1127 
Jejunum, carcinoma, primary, J945 
June, 713 

rupture of, 1944 Aug , 885 
Jugular vein, external, venipuncture. 
1944 Aug , SOI 

internal, venipuncture, 1944 Aug. 
802 ^ 

Keratosis of lip, precancerous, 1944 
Oct, 1085 

..-I - 1 r _ . 


disease, operative nsk and, 1945 
April, 356 


Kidney, ectopic, 1944 Aug, 934 
function, clearance and saturation 
tests, 1946 Oct , 1230 
impaired, in bladder neck obstruc- 
tion, 1945 Oct , 1033 
major surgery and, 1946 June, 669 
infection, followang abdominal sur- 
gery, 1914 June, 556 
uisuiliciency during water depriv'ation, 
1946 Dec, 1339 

lesions, unnecessary abdominal opera- 
tions for, 1946 Oct , 1247 
operations on, pre- and postoperative 
care. 1945 Oct, 1117 
pelvis, and ureter, duphcation of, 
1944 Aug, 910 

tumors, patholow, 1946 Oct , 1264 
I>enetrating wounds, 1944 Feb , 87 
stones m, 1945 April, 307 See also 
CalctiU, renal 

• n/N» roc? 


leu , 1.0 

cicatricial contractures, conection, 
1945 Oct , 1229 

debridement, for arthritis, 1946 Feb , 
249 

examination and differential diagnosis, 
1046 Feb . 249 

fat pads, disturbances, 1945 Feb , 
132 

fracture dislocabons, beaded wires m, 
1945 Feb, 189 

injuries, acute, surgical diagnosis, 
1946 April, 402 
treatment, 1946 April, 407 
internal derangements, diagnosis and 
treatment, 1945 Feb, 111 
ligamentous injuries, 1945 Feb , 122 
osteochondntis dissecans, 1945 Feb , 
123 

osteodiondromatosis, 1945 Feb , 133 
semilunar cartilage lesions, 1945 
Feb. 114 

Kondoleon operation, modified, for lym- 
phedema with ulceration of leg, 1945 
April 336 

Krukenberg operation 1944 April 455 

Kurzrok Miller test, 1945 June, 569 

Labor, amnesia m methods used for, 
1945 Dec, 1359 


1373 

control of pain and fear in, 1945 
Dec, 1352 



i.JOO 


mUbA iU VU1.UML& ^ 




relative popularity of methods, 
1945 Dec, 1358 
premedication, J9'15 Oct , 1063 
uterine contractions during, toco* 
graphic observations, JS'lS Dec, 
1425 

Lacerations, cervical, J945 Dec , 1305 
of head and face, 194fi Feb, 5 
of sphincter am, complete, repair of, 
1945 June. 517 

Lacnmal sac, exbrpabon of, in traumabc 
dacryocystitis, 1944 April, 854 

Laminectomy for intervertebral disk le- 
sion, 1944 April 470 
for lymphomas of spinal epidural 
space 1944 Oct, 1241 

Lament mastopexy, 1946 Oct , 1099, 
1100 

LangenbeeVs operation for clelt palate. 
1944 April 371 

Laryngeal none, recurrent, iniuries at 
diyroidectomy,J945 Oct, 
1150 

avoidance, 1946 Aug , 907 
paralysis after thyroidectomy, 
1944 June, 490 

Laryngectomy for carcinoma, 1944 
Oct. 1090 

Lamgofissure for carcinoma, 1944 
Oct. 1090 

Laryngoscope, insertion of, 1945 Aug . 
815 

Lundy, 1945 Aug , 805 

Larynx, abductor paralysis bibteral 
arytenoidectomy for. 1946 ApnI. 
464 

carcinoma, 1944 Oct , 1089 
roentgen treatment, 1944 Oct , 
1015 

Lateral ligaments of knee joint, test for 
Integrity 1946 Feb , 250 

Leg, amputations, sites of election, 1946 
April, 497 

artificial, 1945 April, 391 
fractures, beaded wires In, 1945 Feb , 
174 

pain in, 1945 June, 705 
pedicle grafts from 1946 Aug,9(W 
swollen, classification and treatment. 
1945 April, 334 

veins, phlebothrombosis of, 1945 
Apnl 325 

Leiomyoma of rectum, submucosal, 
1944 Aug. 007 
of uterus, 1945 Dec, 1281 


277 


Leukopbkia of tongue, precancerous 
1944 Oct, 1064 

of vulva, precancerous, 1944 Oct 
1174 

Levin tube in intestinal obstruction. 

J946 April, 3S6 
Lewisohn needles, 1945 Aug, 768 
ligamentous miunes of knee, 1945 
Feb , 122 


Limbs, artificial, J944 April, 447 
Limbus glenoidalis, buwet handle b 
jury, 1945 Feb . 39 
Lip, carcinoma, 1944 Oct , 1064 

piemahgnant lesions, 1944 Oct, 
1034 

bcerations, 1945 Feb, 9 
Lipoma of kidney, 1946 Oct, 1263 
ol rectum, submucosal, 1944 Aug , 
907 

1. ro/f T 


Liver damage, prevention, by high pro- 
tein diet. 1945 Dec . 1313 
di^ase, nutritional factors. 1945 
Dec. 1364 , 


for^'’puhSary tuberculosis, 1945 

Locaf aithesia See Anestfterw locoL 
Lorand tocograph, 1945 Dec , 14-5 

Lowlferceps or Jow inidforceps opera 
tion.1945 Dec. 1446 
Lumbar intervertebral disk ruptured 
differentiation from disease ot 
spinal and penpheral nervous sys- 
tems, 1946 
puncture, 1946 

tympalhectomy, effects 1946 Feb. 

indications, J9^ 
technic. 1946 feb - 56 
sympathetic block, 1944 June, 547, 
1946 Feb .57 . , 


Apnl 246 

pen.cllinm 1944 Dec, 1294.1 
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Lung, abscess, postoperative, J94S 
Oct, U<JT 

carcinoma of, primary, 1944 Aug, 
839, Oct , 1100 

primary, blood picture in, 1946 
April. 298 

collapse, bed rest contributing to, 
1945 April. 438 

compLcations, postoperabve, 1944 
June, 516, J945 Apnl, 357, Aug , 
871, Oct, 1190 
contusions, 1946 Oct , 1083 


surgery, factors reducing, J9-46 
Dec , 1445 

insufficiency, rec^nibon in thoracic 
surgery, 1946 Dec , 1443 


r il- 


monary 

“wet," traumabc, 1946 Oct , 1084 
Lutz, 1944 Oct , 1054 
LympViadeneclomy, iliac, Taussig, in 
carcinoma of cer\ix uten, 1944 Oct , 
1196 

Lymphadembs, penicillin in, J944 
Deo, 1297 

Lymphangitis, acute diJluse, pam in 
upper extremity caused by, J946 


Aug, S09 
iculi 


pemculmin, 1944 Dec , 1297 


Lymphoma of spinal epidural space, 
malignant, 1944 Oct , 1228 
Lymphosarcoma of orbit, primary, J946 
Aug , 871 

secondary, 1946 Aug, 873 
of rectum, submucosal, 1944 Aug , 
906 

of spinal cord, protruded disk and, 
differentiation, 1948 Apnl 279 


lupervoUage roentgen therapy, 1944 
Dec. 1431 


Mackenty’s T incision for total laryn- 
gectomy, 1944 OcL, 1094 

»» j 1 _• j f inte gjj 


Aug, 


Malar bone depression over, repair with 
diced carUlage grafts, 1944 Apnl, 
418 


Malar bone, fractures, 1944 Apnl, 340 
Malaria, transmission by blood transfu- 
sion, 1945 Oct, 1055 
Mabcpant tumors of colon, 1946 Feb , 
176 

of duodenum, surgical treatment, 
1946 Feb, 163 

of urinary tract, pre- and postopera- 
tive care, 1945 Oct, 1127 


Apnl, 433 

Mastectomy, radical, for carcinoma or 
male breast, 194 1 Oct, 1119 
Mastitis, cystic, chronic, diagnosis, 1946. 

Apnl. 321 , , •, 

Mastoid fistula, repair with diced carbl- 
age ^afts, 1944 Apnl, ^418 


lesions, diagnosis, 1946 ApnL 282 
neurogenic tumor, 1946 Feb , 134 
Surgery of, 1946 Feb , 130 
Medication, postoperabve, 1945 Oct , 
1067 

comphcabons related to, 1944 
June, 505 

P • 


Mclanoii™. maligmnt. of shn surgical 
treatment, lOH Apnl 319 
subunginl, J9« Apnl S3S 
Melena 1944 Feb. 29 
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Meaadione for poor risk pabent, 1945 
Apni, 352 

. . ^ 1 _ 1 j j I 


suppurabve, secondary, penicillin in, 
1944 Dec, 1296 

traiiniaUc, penicillin in, 194-1 Dec, 
1393 1398 

Menopause, treatment, 1915 June, 564 
Menonhagn, beatment, 19 IS June, 562 
Menstrual cycle, normal, physiology, 
J915 June, 557 

disorders, treatment, J015 June, 556 
Metabolic disturbances simulabng acute 
abdominal emergencies, J916 Dec, 
1493 

Methedrine, use, m spinal anesthesia, 
1911 Dec 1382, 1385, 1387 


Metropathia baemorrhagica, irradiation 
therapy, 1915 Dec , 1308 
Metrorrnagia, treatment, 1945 June, 
562 

Midforceps operation, 1915 Dec , 1447 
Mikulicz operation, modified, 1916 
June, 607 

complications, 1941 June, 509 
for carcinoma of colon, 1916 
June, 610 

replaced by end to-end anastomosis 
with use of succinvlsulfathiazole 
in colon surgery, 1914 Feb. 238 
unusual complicabon. 1946 June. 
623 

Milk leg 1945 June, 602 
Miller-Abbott tube in intestinal obstruc 
bon. 1916 Feb. 189, April. 386. 
387 

m postoperative intesbnal disten- 
tion, 1911 June. 568 
Mobilization, postoperative, early, 1915 
April, 358, 437 

Mole, hairy, benign 1911 April, 328 
Monaldi drainage in pulmonary tuber 
culosis, 1015 April, 260 
Moore s pins in fractures of femoral neck, 
1916 Feb , 236 

Morphine conbaindicaled in asthma, 
1916 June, 678 

neostigmine methylsulEate with for 
rehef of pain evaluation 1944 
June. 718 


with scopolamine m labor, 1915 Uec, 
1360 


Muscle sprains ot snouiaer, la-ib Aug. 
839 

stnated, as hemostabc, 1915 April, 
MO 

Mycetoma, 1911 Oct , 1048 
Mycotic granulomas sunukbng malig 
nant disease, 1911 Oct , 1044 
Myelography m diagnosis of spinal epi- 
dural lymphoid tumors, 1911 Oct, 
1238 

Myoma of cervix, 1915 Dec, 1305 
of stomach 1911 June, 607 
of uteiuSi 1915 Dec , 1281 

irradiation therapy, 1915 Dec, 
1309 

Myomectoiny. f915 Dec, 1283 
Myx^ema. 1945 June, 657 
adenomatous goiter and, 1915 June 

diagnosis, 1945 June, M7 
following treatment of hyperlbyioid 
ism. 1945 June. 666 
of infancy or chifdhood J94S June, 

piSfary* 

spontaneo'i*, 1915 June, 671 


Navicular bone, dislocations, 1910 reu, 

fractures, 1915 Feb, 8, 93 

.ech.,» 
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Cephiitis, acute, postoperative, 1944 
June, 508 

v’ephrohthiasis, 1945 April, 307. See 
ako Calculi, renal 

sene, facial, traumatic lesions second- 
ary to war wounds, repair of, J946 
June, 763 

roots, lesions causing arm pain, J946 
Aug. Sll 

'Jerves of wnst, lesions, 2945 Feb, 
86 

penpheral, lesions, diagnosis of, 1946 
April, 432 

pam in upper extremitj due to, 
1946 Aug , 831 

Servous system, central, infections of, 
pemcillin in, i944 Dec , 1389 
lesions causing arm pain, J946 
Aug, 811 

' ' itor ac- 


‘ 959 

trigeminal, alcohol injections for, 
J946 June, 775 
medical therapy, 1946 June, 774 
penpheral neurectomies for, 1946 
June, 778 

treatment, role of minor procedures 
in, 1946 June, 774 

Neurectomy, intercostal, m pulmonary 
tuberculosis, 1945 April, 239 
penpheral, for tngeminal neuralgia, 
1946 June, 778 

presacral, postoperative results, 1945 
June, 518 

Neunnoma of spinal cord, protruded 
disk and, differentiation, 1946 April. 
275 

NeuioBbroma of spmal cord, removal, 
hemihmmectomy for, 1946 Feb , 
74 

of stomach, 1944 June, 607 

Neurogenic bladder, J946 Oct , 1270, 
1272, 1275 

tumor of mediastmum, 2946 Feb , 
134, Apnl, 290 

Neurologic causes of pam m upper ex- 
tremity, 2946 Aug, 810 

Neurosurgeon, role in treatment of pain, 
1945 June. 702 

Neurosurgery, anesthesia for, 2944 
Dec. 1463 

fibnn foam in 2945 Apnl 341 

Nevus, blue, 2944 Apnl, 329 

Newborn, immediate care, 2945 Dec, 
1475 

Nicotinic acid for poor risk patient, 
2945 Apnl 352 

Nipple artificnl construction of, 2946 
Oct, 1103 

free transplant of, 2946 Oct , 1103 
Paget s disease, diagnosis, 1946 
April 325 


Nipple, sangumeous discharge from, 
2946 Apnl, 323 

Nitrous oxide anesthesia for th>TOid sur- 
gery, 2945 June, 633 

Nodules, submucosal, of rectum, 2944 
Aug. 903 

Nonunion in fractures, 2945 ApnL 
423 

of femoral neck, operation for, 
2946 Feb . 242 

reparative problems in, 2944 Apnl, 
422 

Nose, columbella, reconstruction of, 
^ 1945 Au^, 877 ^ 

t wall 

Nupercaine technic for spmal anesthesia 
J945 June, 533 

Nutnbon, some aspects m man, 1946 
Dec. 1361 

Nutntional requirements of medical pa 
tients, 2945 Aug , 743 
of surgical patients, 2945 Aug, 
746 

Or 1 


control of pam and fear m, 1945 
Dec, 1352 

preroedication, 2945 Oct , 1063 
recent advances, symposium on. 2945 
Dec. 1261 

Rh factor m, 2944 Aug , 825 
Occupational therapy, 2945 Apnl, 434 
Olecranon fractures, in children, 1945 
Feb , 76 

Ol^^enoirhea, treatment, 2945 June, 

Oophorectomy m caremoma of breast 
2946 Feb. 128 


1313 

weight loss after, 1945 OcL. 1096 
Operative nsk. conditions affecbntr 

1945 Oct . 1015 ucLung, 

Opiates preoperative use, 2944 Dec 
1377. 13§4. 1385 ’ 

Oral See2lfo«f/i 

malignant lymhocybe, 

1946 Aug , 8i 1 
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Orbital nm, depressed fracture of, 1944 
Apn], 3-40 

water-inflated balloon in, 1944 
Apnl, 343 

Orchectomy, bilateral, for carcinoma of 
prostate gland, 1944 
Aug, 943, Oct, 1208 
further observations on, 
i948 Aug, 1007 

Orthopedic aspects of pain m shoulder 
and arm, J946 Aug , 834 
disabilities, functional edacatioD in, 
1945 April. 374 

physical reconstruction m, 1945 
April, 418 

surgery anesthesia, for, 1944 Dec, 
1462 

reparativw T^raWems in, 1944 Apn). 
420 

Os calcis, articular surface, fractures In- 
volving, JS/45 Feb, 161 
Osteitis deformans cbronic sclerosing 
osteitis and, diflcrentiabon, 1944 
Aug, 767 

fibrosa QStica chronic sclerosing oste- 
itis and differentiation, 7944 Aug, 
,768. 777 

sclerosing, chronic, differential diag- 
nosis, 7944 Aug, 762 

. V tnji • _ •fTA 


Osteochondromatosis of knee loiot, 
^ 7945 Feb , 133 


affs grafts for repair of depressfon, 

1944 April, 414 

Osteomyelitis of jaws 7944 Apnl 392 
trauma and, 7944 April, 399 
penicillin m, 7944 Dec 1298 
Osteosynthesis, exlra-arficular and artic- 
ular, in ununitcd fractures of hip, 
7944 Aug, 754 

Osteotomy, subtrochantcnc, in onunited 
fracture of femoral neck, J949 Feb . 
245 

Otorrhea m head iniurfes, 1944 Dec, 
1457 

Otosclerosis, diagnosis, 794S Aug , 878 
fenestration operation how a im- 
proves hearing, J946 Aug, 
878 

probability of successful result. 
1946 Aug , 857 

selection of patients, 7946 Aug, 
876 

Outlet forceps operation, 7945 Dec, 
1445 

Ovary fibroma review of 22 cases, 

1945 June, 490 


Ovw, fransplantabon, for stenlitv 
7945 Dec , 1346 " 

Chidized cellulose as hemostatic, 794S 
Apn), 342 

Oxygen therapy in bead injuries, 7944 
Dec , 1447 

in postoperative intestinal disten 
tion.7944 June, 572 
in thoracic surgery, 1946 Dee. 
1443 


Pam, abdominal, in diabetics, diflerea 
tial diamosis, 7945 Oct , 1031 
unusual Iiemia producing, 7944 
June. 731 

in shoulder and arm, symposium oq, 
1946 Aug, 799 

innjinal as early manifestation of 
bladder neck obstruction, 7944 
June. 715 

intractable in hip following removal 
of chondrosarcoma of ihum relief 
by chordotomy, 7945 Feb, 70 
prMueed by intraspmal tumor simu- 
lating pain caused by gallbladaer 
diseise, 7944 Aug, 893 
relief oh in labor, 7945 Dec , 1352 
use of morphine neoshgnune for, 
1944 June. 718 

sciatic with particular reference to 
lumbosacral joint and intervertebral 
disk syndrome, 7944 June, 723 
treatment, role of neurosurgeon m. 
7945 june, 7D2 , 

Pahle, deft, congenital, correction oJ, 
7944 April 570 , ... 

Palpation, proctologic, 1946 Aug, 980 
Bmereas, adenoma, hypoglycemia one 
to. 7944 Fib. 16^ 
carcinoma. 7944 Feb, 24 
cyst 1944 Feb ,25 
head, adenocarcinoma or. radical pao- 
creatoduodeml resection tor, 
1944 Dec , 1370 


tissue, benign, m stomach, 1944 June, 
* 610 , iolU 

Pjncreaticohepatic syndrome, 

Feb, 27 
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Pancreatitis, acute, 1944’ Feb , 20 
hemorrhagic, 1944 Feb , 20 
mterstitial (edematous), 1944 
Feb , 21 

Pancreatoduodenectomy, 1946 Feb , 
170 

radical, for adenocarcinoma of head 
of pancreas, 1944 Dec , 1370 
for carcinoma of ampulla of Vater, 
1944 June, (MO 
Pa 


1360 * 

Papilloma of bladder, 1946 Oct , 1210 
Paracoccidioidal granuloma, 1944 Oct , 
^ lOM^ 


Paralysis, abductor, ol larynx, arytenoi- 
dectomy for, 1946 Apnl, 464 
of seratus anterior muscle, isolated, 
1945 Feb , 21 

Paralytic ileus, 1944 June^OO^^^^ 


uei., xti- 

m postoperative venous thrombosis, 
1945 Oct, 1185 

sympathectomy in thrombophlebitis, 
1944 June, 538 

Porednne, use. in spinal anesthesia, 
1944 Dec , 1382, 1385, 1387 
Parotid tumors, 1946 Apnl, 480 
Paro 


U26 

Patella, chondromalacia, 1945 Feb , 
129 

dislocations, 1945 Feb , 131 
fractures, beaded wires in, 1945 Feb, 


186 

Patellar cartilage defect, detection, 
1946 Feb , 253 

Pauvel’s method of cuneiform osteotomy 
in ununited fracture of femoral nech, 
1046 Feb ,246 , , 

Pedicle flaps, choice of, for plastic and 
reconstruction surgery, 1944 Dec, 




Pelvic abscess following abdominal sur- 
gery, 1944 June, 556 
phlegmon or abscess followng pct- 
foration of appendix, 1944 Feb , 
138 


Pelvic surgery, thrombophlebitis and 
pulmonary embolism in, 1945’ 
June, 601 

tuberculosis, irradiation therapy, 
1945 Dec. 1311 

\enous thrombosis, 1945 Oct, 1174 
Pelvis, pain in, 1945 June, 705 

renal, and ureter, duplication, 1944 
Aug, 910 

carcinoma, pathology, 1946 OcL, 
1264 

Penicillin in abscess of lung, 1945 
Apnl, 243 

in acute infections, 1944 Dec , 1294 
in brain abscess, 1944 Dec , 1389 
m bums, 1946 Dec, 1493 
in central nervous system infections, 

1944 Dec. 1389 

In chronic ejections, 2944 Dec , 
1298 

m dental infecbon in Addison’s dis- 
ease, 1944 June, 593 
in epidural abscess, 1944 Dec , 1892, 
1396 

ID gonorrheal cervicitis, 1945 Dec , 
1300 

in hemothorax, 1944 Dec , 1416 
in ^jaslic surgery of face, 1946 Feb , 

m post-tnmmatic meningitis, 1944 
Dec, 1454 

in surgery, 1944 Dec , 1290 
in thoracic empyema. 1944 Dec . 
1493 

m traumatic meningitis, 1944 1393, 
1398 

methods of administration, 1944 
Dec , 1200 

mixture with local anesthetic, use of, 

1945 Aug, 775 
tosicity, 1944 Dec , 1294 

Perns, carcinoma, amputation and aden- 
ectomy for, 1944 Oct , 1216 
clinical study based on 138 cases. 

1944 Oct, 1211 
inciting factor, 1944 Oct, 996 
Pentobarbital, preoperative use, 1945 
Oct, 1060 

with scopolamine in labor. 1945 
Dec, 1359 

Penlothal sodium anesthesia, 1945 
Aug, 788 

in plastic surgery, 1944 Apnl, 
477 

m thyroid surgery, 1945 June. 
636 

Peptic ulcer, 1944 Feb, 50, 1945 Aug. 
896 

bleeding, 1944 Feb 30, 32. 53. 
Dec, 1285 

surgical treatment, 1946 Oct. 
1140 

chronic, surgical management, 
1944 June, 618 
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Pephc ulcer, Fmsterer’s onerabon, 
1944 June 621 

gasliic rejection for, managemeDt 
of duodenal stump, 1946 Feb, 
200 

gastro enterostomy for, 1944 June, 
620 

intractable, 1944 Dec , 1287 
obstruction in, 1944 Dec , 1284 
operations for, gastrojejunal ulcer 
followmg, 1946 June, 751 
perforated, 1944 Feb , 51, Dec , 


review of 96 cases, 1945 Aug, 
9JS 

postoperative management, 1944. 
June, 630 

preoperative prevention. 1944 
June. 630 

recurrent, 1944 Tune, 623 

gastrojeiunocolio fistula conipli' 
eating, 1944 June, 625 
subtotal gastrectomy for. 1944 
June. 620 

surgical aspects, 1944 Dec , 1282 
that does not respond to medical 
management, 1944 Feb , 56 
Perforating wounds of rectum, 1946 
April, 397 

Perforation in diverticulitis, 1944 Feb, 
180 181 


iou 


137 

^ pblepnon, 1944 Feb , 133 


uec. 1295 

Pericardium resection decortication of 


Penpheral arteries, arteriosclerotic ar- 
tenography of, JS46 Apnl, 331 
drcolitory collapse, pathologic physi- 
ology, 1946 Dec. 1319 
nerve fesions, diagnosis, 1946 AprJ. 

pain in upper extremity due to. 
1946 Aug, 831 

simulating ruptured lumbar in 
tervertebral disk, 194S AprJ 
272 

vascular disease, pam jn upper ex- 
tremity caused by, 1946 Aug , 806 
Fentendimtis, chronic nonspecific, J94r 
Aag. 780 

Pentoneum, foreign bodies in, 194/ 
Feb, UO 

left at operation, 1944 Feb, 116 
Pentomtis, appendicitis, 1944 Feh , 
101, 115 

gonococcal, 194/ Feb , 100 
m infancy and childhood, 1944 Feb . 

93 

pemallm m 1944 Dec , 129o 
physiopathobgic lesions in, 1946 
Dec, 1417 

pneumococcal, pnmaiy, 1944 Feb, 
99 

postoperative, 1945 Oct , 1154, 1214 
in gastroduodenal surgery, 1944 

Dec, 1363 

secondary to intestinal obstniction, 
1944 Feb. lOO 

streptococcal, primary, 19*4 reo, 

98 

use of "sump” dram m, 1944 Dec, 

Pes valgoplanus, stabe, 1945 Feb , 136 
Pelrobtum gauae pack treatment of 
compound injunes ol skuu, 194* 
Dec., 1337 , , 

Pharmacological basis for preoperaUve 
m^ication, 1944 Dec , 1377 
Pbarynt, carcinoma, roentgen treatment 

1944 Oct, 1015 , 


repair of ruptured membranous ure- 
thfa, 1944 Dec , 1 4£\5 
urelhrofistula following hrge bowel 
surgery, 1946 June, 701 
Permeo-abdominal sholgim wound from 
close rmffe 




Apni, Ub/ 

Penneum, operations on, anesthesia for, 
1945 Aug. 858 

Periostea] outer table grafts in crajuo- 
plasty, 1946 Feb , 37 


nostoperative, anhcoaguIaOon 

apy 1944 June, 534 
thrombophlebitis and, i9« 


ther 

Oct. 


Phlegmasia alba dolens, 1945 June, 602, 
Ort. 1175 
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Phlegmon, pelvic, follo%ving perforation 


PI 

Pi 

ability to meet, iy'Jj Apui, o<i 
fitness, appraisal of, J94S Apnl, 445 
meamng of, 1945 April, 443 
relation to health, 1945 April, 444 
medicine, disabilities amenable to, 
J945 Apnl, 43i 

m rehabilitation program, J945 
Apnl, 427 

therapeube agents of, J945 Apnl, 
431 

reconstrucbon in orthopedic disabili* 
ties, i945 Apnl, 418 
Physiology, circulatory, 1946 Dec , 1368 
surgical, symposium on, J946 Dec , 
1305 

piles See Hemorrhoids 
" ’ ’ ' r ■. J — njal 


ons, 

iJ4o Lfcc , i4o- 

Fitressin in post<^erative uitesbnal dis* 
tenbon, J944 June. S72 


rucenta prattvii, Dec,i4ii 
premature detachment, 1945 Dec , 
1412 

roentgen visualueabon. 1945 Dec , 
1394 

Placentography, 1945 Aug, 993 
accuracy in 92 cases, 1945 Auc . 
1001 

direct, 1945 Aug , 993 
indirect, 1945 Aug , 998 

, ca n( IQJK A,i« 71?Q 


340 

in bums 1944 Aug, 798, 1946 Dec, 
1492 

estimation of amount required 
1944 Aug, 804 

infusions in protein deficiency, 1046 
Feb, 192 

noncolloidal substitutes, use in obstet- 
rics and gynecology, 1945 Dec , 
1472 

proteins, restoration, in "poor risk” 
pabents, 1945 April, 351 
proteolytic enzymes and fibnnogen, 
1946 Dec , 1422 

substitute celatm solution os, 1044 
Dec. 1300 

use of in obstetrics and gynecology, 
1945 Dec, 1470 


Plasma, value id surgery, 1945 Aug . 
758 

riasbc operaUons for hydronephrosis, 
1946 April, 512 
m breast, 1946 Oct , 1095 
in malignant melanomas of skin, 
1944 Apnl, 337 
on skull. 194S Feb , 33 
repair of face wth pedicle grafts from 
arm, 1946 Feb , 20 
of scalp wounds, 1944 Dec, 1456 
surgerv, anesthesia jor, principles, 
1944 Apnl, 474 

pedicle flaps, choice of, 1944 Dec , 
1472 



Plombage, methyl methacrylate, in sur- 
gical treatment of pulmonary tuber- 
culosis, 1946 Oct , 1060 
Pneumococcal pentonibs, pnmary, m 
children, 1944 Feb , 99 
Pneumonectomy, cbmc on, stressing 
techmc of operation, 1946 Feb , 
. 143 

for bronchiogemc carcinoma, 1944 
, Aug, 847, Oct, 1100 
for lung abscess, i945 Apnl, 247 
for pulmonary tuberculosis, 1945 
Apnl, 267 

Pneumonia, bed rest contnbubng to, 
J945 Apnh438^ 


uci.iuiy, jiyu 

Pneumonibs, postoperative, 1944 June, 
515 

Pneumonolysis, closed or Jacobaeus in 
pulmonary tuberculosis, 1945 
Apnl, 2^ 

Open, in pulmonary tuberculosis 
^ 1945 Aprik 258^ 


bilateral, in pulmonary tuberculosis, 
analysis of 52 cases, 1945 April, 
4S5 

closed in pulmonary tuberculosis, 
1945 Apnl. 253 

■ ■ ’ ** ’ ary 


ons 

Polymenorrhea, treatment, 1945 Tune. 
562 

Polyps, cervical, 1945 Dec , 1304 
in colostomy, J944 June, 512 
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Polyps of colon, 194-4. Feb , 161, J948 
Aug, 953, 971 

colectomy for, 19^4 Feb, 169, 170, 
J94G Aug, 953 

electrocautery removal, 194-4 t-eo, 

fulgutatmn of, 19 16 Aug , 
roentgen diagnosis, double contrast 
enemas in, ’i946 June, 594 

sigmoidoscopy la, J944 Feb.loT 

of large intestine, tetininal pomoo, 

J94&Aog,971 

of stomach, J944 !«««. 607 

sleeve resection in, JSa-r. Pea . , 

Pontocaine-destrose technic for spinal 
anestliesia, J345 June, 532 
Poor nsk patient, pro- and postoperative 


roor ris^ ijuuc,*,, 
care 4945 April 350 
Portal vein tbrombopluebitis ot, . 

Postanginal sepsis, 4945 Oct , 12t0 
Posterior occiput position, management, 
1945 Dec , 1448 

Postoperative care in chest surgery, 
4045 Oct.ilOQ 
in colon surgery, 2946 June. 7M 
in gastric duodenal surgery. J9-#4 
Dec, 1353 , 

in gastroiniestioal surgery, ia4» 
Oct, 1130 

jn thyroid surgery, 2945 Oct . 
1142 

m urologie surgery, 2945 Oct, 

of ‘ poor risk" patient, 4945 April, 
330 

complications, diagnosis, 4944 June, 

from mteniist s pomt oE s sew, 4944 
June, 501 

list of 3944 June, 503 
renal function and, 1948 June, 
673 

symposium on 4944 June 491 
irdeclions, 1945 Oct, 1202 
pulmonary complications, 2945 
April, 357, Aug , 868. Oct , IIW 
requirements of protein, 4945 Oct , 
1096 

sedation, 4945 Oct 1037 
Postpartum backache, 4945 Dec , 1314 
hemonhage, 2945 Dec, 1413 
Postural changes circulatory adjust- 
ments to, 2948 Dee , 1388 
drainage of lung abscess, 4945 Apni, 
243 

Preantisepdc era 4946 Oct, 1035 
Precancerous lesions, 2944 Oct , 9^ 
Pregnancy, backache in, 1945 Dec, 
1313 , , ^ 

caremnma of cmix complicating, 
4945 Dec . 1272 
pctriTiic 2945 Dec, 1411 
K.Thageof.4945 Dec. 1408 


Pre^ancy, last tnmestet, niptaie cf 
uterus in. report of 103 cases, 
1945 Dec., 1414 

late, roentgen visualiratioa of staal 
hiatus during, 4925 Dec, 1391 
tdenne contractions during, toco- 
graphic observaPoa, 1945 Dec, 
1425 

Preiser's diseise, 1945 Feb . 94 95 
Premature infants, care of, 4945 Dec, 

Prcm^ication in bowel surgety, 19-48 
June, 703 , 

Pteoperative care in chest surgery, iS«5 

in colon sutgeW, 2946 June, 706 
in gastnc ana duodenal surgery, 
1944 Dec. 1353 
in gastromtestinal suigeiy, iW-5 

in thyiDid surgery, 4945 
in urolopc surgery, 4945 OcL, 

of nsV.- patient, 4945 Apnk 
350 

prepSlon! leo.! limcMn wd. IS« 

Pressure dressings m bums, 494 


rocame dioc^ ..a 

ganglia 4944 June. 545 

ProctocUsis. 4945 . 981 

PraBSlnoiieio ' 

jrsS. >" 

1945 Dec , 46-4 pother- 

oparaliOT, 1S69, 

\ Piosiate oarcinoma 
1 1272, 1274 
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Prostate, carcinoma, bilateral orcbec- 
tomy for, 1944 Aug , 943, 
Oct, 1208 

further observations on, 1946 
Aug, 1007 

pathology, 1946 Oct , 1266 
supervoltage roentgen therapy, 
1944 Dec, 1429 
treatment, combined surgical and 
hormonal, 1944 Oct , 1203 
present concepts, 1944 Oct , 
1198 

hypertrophy, 1946 Oct , 1269, 1271, 
1272 

obstiucbon following large bowel sur- 
gery, 1946 June, 695 


Prostatectomy, for carcinoma, combined 
with hormonal treatment, 1944 
Oct, 1203 


Oct , xuoj 

Prosthesis, facial, problems of, 1946 
Aug , 846 

• u ^ ^ 1 <101 


in amenorrhea, 1945 June, 561 
m postoperative mtestmal distention. 

1944 June, 571 

with morphine for relief of pain, eval- 
uation, 1944 June, 718 
Prolem admimstration in bums, 1946 
Dec, 1493 

methods and preparations, 1945 
Oct, 1103 

deficiency in coloruc lesions, 1946 
Feb, 189 

in surgical patients, 1946 Dec, 
1300 

treatment, 1946 Dec , 1314 
feedmgs, or^, 1948 Feb , 190 
intaVe, wound healing and, 1946 

Dec, 1407 

parenteral use, 1946 Feb ,192 
requu-ements m normal diet, 1946 
Dec , 1365 

of surgical patients during postop- 
erative pen^, 194"' 


Proteins, importance, in diet, 1046 Dec , 
1361 

Pruritus am, 1945 June, 597 
Pulmonary See also Lung 

compbcations, postoperative, 1944 
June, 505. 1945 April, 357, 
Aug, 868, Oct, 1068. 1190 
prevention and management, 
1044 June, 515 

edema, bed rest contnbutmg to, 1945 
April, 439 

n loperative, 1944 June, 507 
ism as operative nsh. 1945 
Oct, 1020 


prevention and treatment, 1945 
Aug. 874, Oct, 1167, 1185 
venous ligation in, disadvantages. 
1944 June, 534 

fat emboLsm, postoperative, 1945 
Oct. 1199 

sulcus, supenor, lesions causing arm 
pain, 1946 Aug , 801 
Purpura, bemonrhagic, splenectomy m. 
1945 Aug , 885 

thrombocytopenic, idiopathic, splen- 
ectomy for, 1044 June, 584 
Push back operation in cleft palate. 

1944 April, 375 

Pylephlebitis, suppurative, in acute ap- 
pendicitis, 1044 Feb , 141 
Pylonc obstruction preoperative man 
agement, 1944 Dec , 1353 
Pyrogenic reactions to blood transfu- 
sions, 1945 Oct, 1051 

OuADiuctPs exercises, 1945 Feb , 133 
Quenckenstedt test, 1944 Aug . 899 
1946 Feb.M 

Rabin's method for locating lung ab- 
scess, 1945 April 246 
Radial styloiditis, 1944 Aug, 780 
Radiant heat m physical disabihhes. 

1945 Apnl, 432 

Radiculitis, ruptured lumbar mterverte- 
bral disk and, differentiation, 1946 
Apnl, 277 

Radiosurgery in foreign bodies m neck. 

1946 Oct, 1283 

Radioulnar dislocation, 1945 Feb , 90 
Radium, carcinogemc . activity. 1944 
Oct , 986 

in^^cinoma of uterus, 1945 June, 
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Radium treatment of bladder tumoR. 
1946 Oct , 1214 

of carcinoma, dosages, 1944 Oct, 
1003 

of anus and rectum, 1944 Oct , 
1158 

of cervix, 1944 Oct , 1010, 1194, 
J945 Dec . 1269 
of Jjp. 1944 Oct , 1072 
of prostate, 2944 Oct , 1209 
of skin, 1944 Oct, 1013 
of tongue 1944 Oct , 1082 
of uterine body, 1945 Dec , 1270 
of fibroids of uterus, 1945 Dec, 
1285 

of malignant melanomas, 1944 
April 334 

vaginal eppbcalor, double cross arm, 
1944 Oct, lOOe j 

Radius, epiphyseal separation, distal, I 
1925 lcb,^91 , ^ 


with loss of bone substance, vilal* 
hum replacement, 1944 April, 
429 


April, 4-1^ 

Rectal anesthesia, ether, for labor, 1945 
Dec. 1501 

With intravenous for plasbc sur- 
gery, 1944 Apnl 477 
impalements 1944 Aug, 808 
Rectovaginal fistula, repair of, 1945 
June, 516 

Rectum, adenoma 1944 Oct , 1143 
carcinoma of See Carcinoma of rec- 
tum 

diverticula 1948 Aug, 976 
hemorrhage from, diagnosbc signifi- 
cance, 1946 June, 574 
injuries 1946 June, 605 


perineal hernia following, J 944 
June, 679 

tumors, diarrhea in 194S June 584 
wounds, perforating 1946 Apnl 397 
Recurrent Iiryngeal ner\e injunes at 
thyroidectomy, J 945 Qct , 
1150, 1946 Aug 907 
paralysis after thyroidectomy. 
1944 June, 496 


dystrophy, 1946 

June, 780 

HefngeraUon anesthesia, 1944 Dec, 

for amputation, 1945 Feb, 193. 
198, 1946 April, 509 
analysis of 53 cases. 1944 Dec.. 
1330 

coohngrnacfiifle, 294S Feb , 198 
m burns, 194S Apnl, 367 
m trauma of extremities, 1945 Feb . 
192 


functional education in, 1945 Apnl 
374 

in head injuries, 1945 Apnl 403 
of amputee for gainful hvelihood, 
1945 Apnl. S82 
procedures of, 1945 Apnl, 376 
program of, agencies cooperating u>, 
1945 April 428 
physical medicine in, 194$ Apnl, 
427 

services included in, 1945 Apnl, 
429 

symposium on, 1945 Apnl 371 
Renal See also kldneu 
Bespirabon, controlled, methods, 1946 
Dec. 1440 

Respiratory failure, postoperative, 1945 
_ Aug , 8c9 ^ s a VI f 


Belicuio endothelial cytomycosis or his 
bocytosis, 1944 Oct, 1058 
Bctrouisplacement of uterus, 1945 
Dec 1319 

Belropentoneal celiulibs phlegmonous 
postoperative, 1945 Oct , 1216 
Bhfactor,1944 Aug, 822, , 

and erythroblastosis foetabs, 1944 
Aug. 827 , . 

in blood transfusions, 1945 Aug, 
823 _ Oct, 1047, Dec, 1468, 


1468 1480 

testing for 294 f Aug, 823 

Rhinorrhea m head injunes, 1944 Uec, 

1457 

Rib carblage grafts 1944 AM 406 
grafts in cranioplistv, 1946 . 40 

Riboflavin for ‘poor risk ’ patient, 

Apnl, 352 , _ . 

Risk, operative conditons attecong 
1945 Oct 1015 , 

BoeatBen castration in carcinoma or 
breast 2946 June, 731 
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Roentgen diagnosis of abscess of lung, 
1944 Aug, 855 

of aneurysm of internal carobd ar* 
tery, 1944 June, 701 
of bone tumors, 1946 April, 414 
of carcinoma of colon with acute 
obstruction, J944 Oct, 1132 


of colonic lesions, methods, 1946 
June, 603 

use of double contrast enemas 
in, iSiS June, 594 
of mtrathoracic goiter, J945 June, 
615 

of knee joint injuries, 1946 April, 
404 

of paralytic ileus, 1944 June, 564 
of spinal cord tumor, 1944 Aug , 
899, Oct , 1237 

localization of placenta, 1945 Aug, 
993 

rays, carcinogenic activity, 4944 
Oct. 986 


of carcinoma, dosages, 1944 Oct, 
1003 

of anus and rectum, 1944 Oct , 
1158 

of breast, 1944 Oct , 1015, 1946 
June, 730 

of cervix, 1944 Oct , 1016, 1191, 
1945 Dec, 1269 
of hp, 1944 Oct , 1072 
of male breast, 1944 Oct , 
1120 

of prostate, 1944 Oct , 1209 
of skin, 1944 Oct, 1013 
of uterus, 1944 Oct , 1183, 1945 
Dec, 1276 

of fibroids of uterus, 1945 Dec , 
1287 

of goiter, myxedema from, 1945 
June, 667 

of hyperthyroidism, action of, 
1946 Dec , 1459 

of lymphomas of spinal epidural 
space, 2944 Oct, 1241 
of metastatic caranoma in neck, 
versus surgery, 1946 Feb , 103 
of postoperative venous thrombosis, 
1945 Oct, 1182 

supervoltage (one million volts), at 
Walter Reed General Hospital, 
1944 Dec, 1424 

urat research deselopments, 1944 
Oct, 1004 

visualization of placenta, 1945 Dec , 
1394 


Roentgen visuabzation of sacral hiatus 
during late pregnancy, 1945 Dec , 
1891 

Roger Anderson splint m fractures of 
mandible, 1944 April, 382, 385 
Rubber gloves, historical data, 1946 
Oct, 10-14 

Rubin test for tubal patency, 1945 
Dec, 1341 

Rupture of bladder, 1944 Dec , 1402 
of intestines, 1944 Aug , 883 
of liver, 1944 Aug , 878 
of spleen. 1944 Au" , 874 
of stomach, 1944 Aug , 882 
of uretlira, 1944 Dec, 1402, 1403 
of uterus in last tnmester of preg- 
nancy, report of 103 cases, 1945 
Dec, 1414 

Sachal hiatus, roentgen visualization, 
during late pregnancy, 1945 Dec , 
1391 

Sacrabzation of transverse processes of 
fifth lumbar vertebra, 1944 June, 
725 

Sacro-iliac joint as cause of low back 
symptoms, 1944 June, 726 
Saddle nose, repair with nb cartilage 
mfts, 1944 April, 410 
with septal cartilage grafts. 
1944 April, 407 

Salpingoplasty, methods, 2945 Dec . 
1349 

Salt deficiency, dehydration due to 
1946 Dec. 1537 

Sarcoma, Ewing’s 1944 Aug , 768 
of breast 1946 June, 718 
in male, 1944 Oct , 1123 
of kidney, 1946 Oct , 1263 
of stomach 1944 June 611 
of uterus. 1945 Dec , 1278 
osteogemc, sclerosing, chronic sole 
rosing osteitis and, differentiabon 
1944 Aug . 766, 774 
Sxtutatior. tests of renal function, 1946 
Oct 1230 

Scalenus syndrome 1946 Aug , 823 
Scalp, defects, unilateral, repair \vith 
_ hair beanng scalp. 1944 Aug . 741 
flap 1946 Aug , 900 
lacerations 1946 Feb 5 
tumors, malignant 1946 Aug , 859 
wounds. 1944 Dec 1450 
Scanzoni maneuver, 1945 Dec, I449 
Scaphoid bone carpal, fractures. 1945 
Feb , 93 

comminuted, uath dislocation 
of semilunar bone. 194.5 
Feb , 97 

Scapula, fractures 1944 Apnl 431 
winged, 1945 Feb , 21 
Starlet fever, surgical, 1945 Oct . 1206 
ScJullCT lest in carcinoma of cervix uten 
1944 Oct, 1190 
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Sciatic pain with particular reference to 
lumbosacral joint and intervertebral 
disk syndrome, 1944 June, 723 

Sclerosing osteitis, chronic, 1944 Aug, 
762 , 

Scop ’ ' ' • ' 

Pr 

Sebattoui tysu oi 
866 

Sedation m bums. J944^Aug, 798 


Shock, surgical, management, 1945 
Aug, 748 

Shogun wound, penneo abdominal, 
from close range with multiple in- 
juries to viscera, surgical treatment 


in aged, 1946 June, 715 
in tnyroid surgery, 1945 Oct , 
1144 

Semen collection and evaminabon, 
1945 June. 566 

Semilunar bone, carpal, disioatboo, 
1945 Fell , 95 

cartilages, disturbances, 1945 Feb, 
114 

loose or tom. eramination for, 
1946 Feb. 251 

removal, surgical technic. 1945 
Feb. 118 

Seminoma of testis, supcrvoltage roent- 
gen theraoy, 1944 Dec, 1431 
Sensory distribution of nerve roots of 
lower extremity 1944 June, 727 
Sepsis postinginal 2945 Oct, 1210 
Septal cnrlihge, displacement, repair 
of. 1944 Apnl 403 
Septicemia, streptococcal. 1945 Oct, 
1200 

Sequestrectomy m osteomyelitis of i 
jaws 1944 April, 402 
Serratus antenor muscle, paralysis, iso- 
lated, 1945 Feb , 21 
Serum, blood use in obstetrics and 
gynecology, 1945 Dec, 1470 
paralysis, 1946 Aug, 830 
Shell fragments in lungs, 1944 Dec, 
1418 

Sherman plate, 1945 Feb , 105 
Shock, anesthesia in, 1945 Aug. 740 
as operative nsk 1945 Oct, 1018 
fluids m, 1946 Dec , \354 
gelatin solution intravenously in. 

1944 Dec 1307 
m bums, 1946 Dec, 1489 

ph'ma and blood in, 1944 Aug, 
^798 


L/ec , i4iv' 

pathologic physiology, newer con- 
cents 1946 Dec 1319 
prernedication in. 1945 Oct , 1066 


Silicosis, abdominal, due to talcum 
powder, cancer and, 1944 Oct , 1162 
Sinus, pilonidal, chronic infected, sur- 
gical treatment, 1946: Dec, 1507 
Skeletal fixation in fractures of man- 
dible. 1944 April 381 
Skin, angioma, irradiation, 1944 Oct, 
1014 _ 

carcinoma, incidence, 1944 Oct , 
1030 

imdiation. dosages, 1944 Oct, 


light as factor in, 1944 Oct . 1028 
mvcotic granulomas simulatag, 
2944 Oct. it>ii . , 

primary, multiple, study of 108 
cases, 1944 Oct , 1022 
cangrehe. chrome progressive, post- 
operative, 1945 Dflil-^® . , 

crafc, film cemented, 1944 Apnl. 
251 

analysis and summary of cases, 
1944 Apnl. 273 
application to recipient area, 
1944 Apnl. 254 
prepanng and cutting 1944 
Apn). 254 . , 

report of cases, 1944 Apnl, 
265 

sin*xll pieces, use of, 1944 Apnl, 

2R1 

txee. 1946 Aug. SOI 
dermil 1946 Aitg.S99 
epithelial, 1944 Apnt. 318 
full thickness, 1944 Apnl. 317. 

1946 Aug , 801 
isognft, 1946 Aug, 893 
medium-thickness, 1946 Aug, 

p,S SrA .'S,; ®I9« 

role in surface defects, 

sphl-th.cSs, 1944 Apnl 309 
thick-snlit. 1946 Aug. 895 
Ihin-split. 1946 Aug . 896 
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Sian grafts, methods and their indica- 
tions, 1946 Aug , 857 
open abdominal Haps, for surface 
defects of upper extremity, 
1944 April, 293 
pedicle, 1946 Aug, 899 

ciioice of, for plastic and recon- 
struction surgery, 1944 Dec, 
1472 

from abdomen, 1946 Aug , 
904 

from arm, 1946 Aug , 904 
for reconstructions about face, 
1946 Feb , 20 
from back, 1946 Aug , 905 
from leg, 1946 Aug , 904 
from neck, 1946 Aug , 902 
from scalp and forehead, 1946 
Aug, 900 

from, shoulder or chest, 1946 
Aug , 902 

spht-thickness, excision and han- 
dling, 1944 Apnl, 251 
hemangioma, irradiation in, 1944 
Oct, 1014 

melanomas, malignant, 1944 Apnl, 
819 

preparation, preoperative, with ref- 
erence to surrace bactena con- 
taminants and resident flora, 1946 
Oct loss 

Skull defects, repair, with special ref- 
erence to use of tantalum, 
1946 Feb . 33 

tantalum for, 1945 Apnl. 410 
traumatic, repair of, 1944 Dec , 
1455 

depressions in, repair with diced car- 
tilage grafts 1944 April 412 
fractures, compound and their man- 
agement, 1944 Dec 1337 
Frazier head cap in, 1944 Dec, 
1340 

initial treatment, 1945 Apnl, 
404 

operative treatment, 1945 Apnl, 
406 

sterile petrolatum gauze pack in, 
1944 Dec. 1337 
depressed 1944 Dec , 1450 
tumors, orbital tumors associated 
wth 1946 Aug, 874 
wounds open, late treatment 1945 
Apnl, 410 

Sludge formation in shock, 1946 Dec, 
1424 

Smith’s fracture, 1945 Feb , 89 
Smith Petersen nul m fracture of fem- 
oral neck 1946 Feb , 234, 238 
Snapping thumbs and fingen, 1944 
Aug, 780 

Sodiiirn chlonde solution use in gyn- 
ecology and obsletncs, 1945 Dec , 
1472 


Sodium lactate in burns, 1946 Dec , 
1493 , , 

Soft tissue damage with orthopedic de- 
fects, 1945 April, 424 
technic for roentgen visualization 
of placenta, 1945 Dec , 1394 
Solution C m renal calcuh, 1945 Apnl, 
316 , 

Sovak’s “circumcision operabon for 
occlusion of oviduct, 1945 Dec, 
1347. 1348 

Speech training after head injunes, 
1945 April, 416 

Sphincter am, laceration complete, re- 
pair of, 1945 June, 517 
Spuial anesthesia, 1945 June, 531, 
Oct . 1081 

circulatory changes dunng, 1946. 
Dec, 1377 

conbnuous, for cesarean section, 
1945 Dee , 1382 
in labor. 1945 Dec, 1373 
ureteral catheter techmc, 1945 
Aug , 834 

effect on ulenne contracbons, 

1945 Dec. 1433 

for gynecologic surgery, 1945 
June, 531 

for operations on perineum, 1945 
Aug . 861 

in paralytic ileus, 2944 June, 572 
maintenance of circuUbon dunng, 
1944 Dec, 1382 

nupercaine technic, 1945 June, 
533 

pontocaine dextrose technic, 1945 
i June, 532 

premedicalion 1945 Oct, 1064 
block, test for, 1946 Feb , 84 
cord, compression by congenital an- 
omaly of third lumbar vertebra, 
1944 Aug 939 

lesions, niptured lumbar interver- 
tebral disk and, differentiation, 

1946 Apnl 272 

neurofibroma removal, hemilami- 
nectomy for, 1946 Feb , 74 
tumors, 1944 Aug 897 
pain produced by, simulating 
pain caused by gallbladder 
disease. 1944 Aug, 893 
roentgen diagnosis of, 1944 Oct , 
1237 

epidural space malignant lymphoma, 
1944 Oct 1228 
puncture, 1946 Feb., 78 

diagnosbc indications, 1946 Feb , 
82 

headache following, 1946 Feb , 
87 

m tumor of spinal cord, 1944 
Aug, 899 

technic and equipment, 1946 Feb , 
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Spinal puncture, technical dilBculbes, 

1946 Feb. 80 

therapeutic indications, 1946 Feb . 

85 

Spine, cervical, injury or disease, pain 
in upper extremity, due to, 1946 
Aug , 834 

fusion, for herniated nucleus pul* 
posus, 1944 April, 471 
postoperative management 1944 
June. 599 

injunes physical reconstruction in, 

1945 April, 425 

Sphnchnicectomy, lunibodorsal ap- 
proach, 1946 Oct, 1116 
transthoracic, technic, 1946 Oct , 

1115 

Spleen penetrating wounds, 1944 
Feb 86 

rupture of, 1944 Aug , 874 
surgery of J945 Aug , 880 
Splendore, 1044 Oct, 1054 
Splenectomy compheaLons, 19/4 June, 

535 

indications for 1944 June, 583, 

1945 Aug. 880 

Splenic anemia, splenectomy in. 1945 
Aug , 6S6 

Spondylolisthesis, 1944 Aptil. 432, 

June 725 

Sponge absorbable, hemostasis with, 

1945 April. 347 

Sporotrichosis 1944 Oct 10 iS 
Sprains of wrist, 1045 Feb . 80 
Sprue, 1940 Tune. 592 
Squamous cell carcinoma of anus and 
rectum, J944 Oct, 1151 
Stab wounds of abdomen, 1944 Aug, 

8&t 

Stader splint m fractures of mandible, 

J94/ April 385 

Staghorn renal calculus, 1945 Apnl, 

316, 321 

Staphylococcal bacteremia, peraallin 
in 1944 Dec, 1291 
infections, postoperative. J945 Oct. 

1204 

Statistical studies of cancer, methods 
and value, 1944 Oct , 12W 
Steinmann pm in imunited fracture of 
femoral neeV, 19/6 Feb 244 
Stenosing fibrous tendovaginitjs, 1944 
Aug , 780 

Sterility diagnosis J9I5 June, 566 
management, 1945 June, 568 CT9 
operations for, 1945 Dec 1341 
Stilbestrol in cancer of prostate. 1944 
Oct 1203 

Stomach aberrant pancreatic tissue in, 

1944 June, 610 

carcinoma See Carefnomo of stom- 
ach 

gastrectomy subtotal technic, 

1945 June, 679 


Stomacli, carcinoma, gastrectomy, total 
J945 Aug, 903 

hemorrhage from 1944 Feb 29 
leiomyosarcoma, 1944 Feb , 67 
perforation, dunng attempted gas 
troscopy, 1944 Feb , 77 
polyus, 1941 June, 607 
sleeve resection in, 2944 Feb 72 
preparation for operation 1945 
Oct, 1132 

resection for gastne hemonhage 
2944 Feb 39 

for peptic ulcer, 2944 Feb, 58, 
June, 620 

inadequate gastrojejunal ulcer 
following. 1946 June 755 
management oi duodenal stump, 
techmeal detaib, 1946 Feb , 
200 

postoperative comphcalions 2945 
Aug. 913 

subtotal diet following, 2944 
Dec , 1358 _ 

for carcinoma, 1945 June 679 
preoperative and postoperative 
care, 2944 Dee, 1356 
total, for carcinoma, 2945 Aug, 
903 

postoperative care, 1944 Dec, 
1362 , 

report of patient survivmg Jor 
eight years. 2946 Aug, 934 
rupture of 2944 Aug. 883 
sarcoma 2944 June, 611 
surgery of, 2945 Aug , 891 

preoperalive and postoperatiie 
care, 1944 Dec . 1355 
svphilis 2944 June 614 
tumors 2944 Feb . 60, June, 607 
ulcer See Peptic utccf 
Stones See Calcvh , 

ganmene hemolvtio, postoperative. 

29/5 Oct 1207 _ 

infections postoperative, 1945 Oct, 

anaerobic, 2945 Oct , 
peritonitis primary, m children 
1944 Feb. 98 

StylmditB radial Rrin 

tive 1944 June 557 

Subdural hematoma 29/4 Dec. li 

hydroma 1944 Dec, 14w ^ 

Submaxillary neck dissection. 294 

appendi* 2944 Feb, MU 
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Subphreiuc abscess, postoperative, 294S‘ 
Aug, 870 

Subtalar joint arthritis, chronic infec- 
tious, 1945 Feb, 158 
lesions, due to antenor pobomsreli- 
tis, 1945 Feb , HI 
to dislocations at talocalcaaeal 
joint, 1045 Feb , 156 
to fracture of calcaneus, 1945 
Feb , 144 

of talus 1945 Feb , 153 
to static changes, 1945 Feb , 
136 

management J945 Feb 136 
spent ineous fusion, uath coxa vara, 
1945 Feb , 160 
tuberculosis, 19^5 Feb , 157 
Subtrochanteric osteotomy in ununited 
fractures of femoral nedc. 1946 Feb , 
245 

Subungual melanoma, 1944 April, 
338 

Succinylsulfathiazole m colon surgery, 
MiVubez operation replaced by end- 
to end anastomosis with. 1944 Feb , 
238 

Sucking wounds of chest, 1944 Dec, I 
1411 

Suction decompression in postoperative 
intestinal decompression, 1944 June, 
568 

Sudeck’s syndrome, 1946 June, 780 
Sulfadiazine in appendicitis, 1944 
Feb. 142 

in gonorrheal cervicitis, 1945 Dec, 
1300 

in ^wa^pendieeal phlegmon, 1944 

Sulfanilamide m hemothorax, 1944 
Dec, 1415 

Sulfasuxidine See Succimjlsiilfathlazofe 
Sulfathiazole in hemouiorat, 1944 
Dec HI0 

Sulfonamides See also the uidividuaf 
drugs 

administration, renal function and, 
1946 June, 673 
in appendicitis 1944 Feb , 142 
in hemothorax 1944 Dec , 1415 
m pnmary infection effect on ero 
p>ema, 1944 Dec 1494 
Sulfur granules, 1944 Oct 1047 
"Sump drain in peritoneal infections 

1944 Dec. 1316 

Sunlight carcinogenic activity, 1944 
Oct 985 1028 
Super Tee 1945 Feb . 202 
Supervoltage (one million volts) roent- 
gen therapy at Walter Reed General 
Hospital J944 Dec. 1424 
Supportive measures in course of an 
esthesia 1945 Aug, 743 
Supracondvlar fractures m children 

1945 Feb , 61 


Supracondylar, lendinoplastic end-bear- 
ing stump, advantages, 1944 Dec , 
1435 

Suprahyoid neck dissecbon, 1946 Feb , 
107 

Supraomoh} Old neck dissection, 1946 
Feb, 107 

Suprarenal See Adrenal 
Suprospmatus tendon, rupture of, 1946 
Aug , 839 

Surface defects, free skm grafts m, 
J944 Apnl, 309 

open abdominal flaps for, m upper 
extremity, 1944 Apnl, 293 
Surgery, general, common problems, 
symposium on, 1945 Apnl, 237 
recent advances symposium on, 
J944 Dec , 1281 

Surgical diagnosis, symposium on, J946 
Apnl, 271 

patients, protein deficiency in, 1946 
Dec. 1305 

physiology, symposium on, 1946 
Dec . 1305 

technic, symposium on, 1946 Feb , 1 
Sutures, cotton m xaginal plasbc op 
erations about bladder and urethra, 
1946 Oct, 1221 
m facial surgery, 1946 Feb , 7 
Sweat gland cancer of male breast, 
1944 Oct. 1118 

Sweating, excessive, fluids in, J946 
Dec, 1351 

Swellings of leg and ankle, classifica 
tion and treatment, 1945 April, 
334 , 

Symblepharon, J944 Apnl, 367 
Syme amputation, advantages, 1944 
Dec. 1434 

indications, 1946 Apnl, 422 
prosthebc considerations, 2945 
Apnl, 386 

Sympathectomy, lumbar, effects, 1946 
Feb. 67 

for congenital megacolon, 1946 
Tune, 645, Oct , 1183 
indications 1946 Feb , 59 
technic 2946 Feb , 56 
parax ertebral in chrome thrombo 
phlebitis, 1944 June, 538 
transthoracic, technic, 1946 Oct , 
1109 

total thoracic and partial to total 
lumbar, and celiac ganglionectomy 
m treatment of hypertension, 2946 
Oct, 1109 

Sympalhelic dystrophy, reflex, 2946 
June, 780 

ganglia lumbar, para\ ertebral block 
of, 1944 June, 543 
nervous system, role m xasomofor ac- 
hvity, 1946 Dec 1368 
Syntropan in megacolon, 1946 Oct, 
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Sjphiis of bone, chronJc sclcrosin;; os- 
teitis and, differentiation, 1944 
Aug, 765 773 
of jlomacb, 1944 June, 614 
transmission by blood transfusion, 
1945 Oct., 1056 

Synngomyeha, protruded dish and, dif- 
ferentiaiion, 1946 April, 278 

T AND G plate. 1945 Feb , 105. 106 

Tilcum powder, abdominal sibcosis 
due to cancer and, 1944 Oct, 1162 

Talocalcaneal joint, dislocations, sub- 
talar lesions due to, J945 Feb . J56 

Talus fiactures, subtalar lesions duo to, 
I )45 Feb , 153 

Tampunade to control bleeding, 2945 
April 340 

Tanning agents in boms, 1940 Dec. 
1414 

Tanfalum cramoplastV/ 1944 Dec, 
H57 2946 Feb.. 33. 4$ 
in postwar penod 2946 Aog.frll 
tecW 1946 Aug, 344 
for repair of sVuU defect*. 2945 
Apiu 410 

Taussig iliac lympbadenectomy for car- 
cinoma of cervu uten, 1944 Oct, 
1196 

Technic surgical aseptic, hutoncal as- 
pects 2949 Oct . 1635 

ift'X 


Tenosynovrtrs, chronic nonspecific, 
1944 Aug 780 

Tension in labor, control of, 2945 Dec , 
1374 

Teratoma mediastinal, antenor, 1946 
April, 289 

of spinal cOrd protruded disk and. 
differenhatiori, 2949 April, 2T6 
Testis semnema supervoltage roent- 
gen therapy, 1944 Dec , 1432 
Testosterone in endometnosis, 194S 
Dec 1288 

in functional utenne bleeding, 2945 
June 563 


Thiamine for poor nsk patitnc, sj4o 
Aonl, 352 

in tnceminal neuralgia, 1946 June. 
7T5 

Thigh, amputations, sites of clecbon, 
1946 Apnl, 498 


Thiouracil m preoperatue ptepaiition 

jn hyperthyroidism. 1945 
June, 645. Oct, 1145. 294iJ 
Dec, 1459 

anestlietic considerations, 294? 
June, 628 

myxedema from 1945 June, 667 
to\w: reactions 1915 June, 649 
Thoranc See Chest 
Tf^co-epigaslnc flaps. 1946 Aug 

Tbor^Iaparotomy for remo\al of car 
cinoma of stomach, cardiac end, and 
tenmnal esophagus, 1944 Feb . 75. 
230 

Thoracoplasty in pulmonary tubercu 
losts. 2945 April, 2^ 
Thoracostomy, open, m pneumathoui, 
1944 Dee, 1417 

Thoracotomy, cotnplicafaons observed 
dunng operations on svmpatKehc 
and lagus nerves, 1946 Oct, 1103, 
Ills 

- 7046 Ort 1103 


Tbfombocytopenie purpura idiopatfiie. 

splenectomy for, 1944 Jane 584 
n^mbopWebili* ficnte, pain in upper 
extremity caused by, 1946 Aug. 


anticoagulation therapy, 1944 Juna, 
534 

femoro-iliac, 2944 June, Ml 
m pelvic surgery, 2945 June, 801 
paravertebral sympathectomy in, 
2944 June 553 

phlebothrombosis and, 2945 Oct , 
1174 

postoperative, 1946 June, 707 
Thrombosis coronary, postoperabve. 
1944 June. 500 

nostspfenectomy, 2944 June Sot 
venous, pelvic 2945 Ort. 1174 
postoperative, 1945 Oct. Hot, 
1946 Dec. 1389 
anticoagulation therapv, 

/line. 534, 1945 Oct, 1179 
2946 Dec . 1396 
early ambulation in preientica, 
1946 Dec, 2395 
paravertebral block m. 2"4i5 

ToeritReTi therapy, 2943 Oct, 

venous Jigation in 1945 Oct, 
1183, 2946 Dec 1399 
TJmmb, eatensor process chrome Iheci 
tis of, 2944 Aug , 780 
snapping 1944 Aug 780 
Thymus, hypertrophy £md tumor, cuas 
nosis, 1946 Apnl, 387 
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Thyioid cnsis 1945 Oct , 1150, 1946 
Dec 1458 

postoperative, 1944 June, 496 
gland, carcinoma, total thyroidectomy 
in, 1946 Feb , 100, 110 
surgerv anesthesia for, 1945 June, 
627 

complications, 1945 June, 636, 
Oct, 1149 

pre- and postoperative care, 1945 
Oct, 1142 

symposium on 1945 June 609 
technical aspects, 1946 Auff , 
906 

Thyroidectomy, complications, 1944 
June, 491 

conditions associated %vilh increased 
bleeding in, 1945 June 623 
control of bleeding in, 1945 June, 
619 

indications, 1946 Feb , 92 
preoperative preparation, thiouracil 
in 1945 June 645 I 

subtotal, 1946 Feb , 93 | 

for primary hyperthyroidism, ten 
to hventy year results, 1945 
June, 6SI i 

myxedema from, 1945 June, 670 | 
technical aspects, 1946 Aug , 906 
technic 1946 Feb, 91 Aug, 906 
satisfactory method for young sur- 
geon, 1946 Apnl, 457 
total in carcinoma of thyroid, 1946 
Feb 100 110 

indications for 1946 Feb , 99 
Thyroid pintbyroid tumors of medias- 
tinum, 1946 ApnL 287 
Thyrotoxicosis postoperative care, 1945 
Oct, 1148 

preoperatise preparation, 1945 Oct, 
1142 

thiouracil in 1945 June, 645, 
Oct 1145 

anestheticconsiderations 1945 
June 628 

Thyroxin 1946 Dec , 1455 
Tibia fractures beaded wres in 1945 
Feb 179 

nonumon in, 1944 April, 423, 
424 

plateau open reduction beaded 
wres in, 1945 Feb 187 
plating in, 1945 Feb , 99 
posterior malleolar beaded wires 
in 1945 Feb , 189 
transfixion scresvs and date in, 
1945 Feb 102 

Tibiofibular dislocations, beaded wires 
in 1945 Feb 184 
Tic douloureux 1946 June 774 
Tmels sign 1946 April 438 
Tocograph, observabon of utenne con- 
tractions dunng pregnancy and labor 
with. 1945 Dec 1425 


Tongue carcinoma 1944 Oct , 1077 
radium plus deep neck dissection 
1944 Oct , 1082 

Tonsils, carcinoma roentgen treatment, 
1944 Oct, 1015 
supervoltage, 1944 Dec, 1430 
Torulosis 1944 Oct , 10-52 
Tourniquet, us“ of in refrigeration an- 
esthesia 1945 Feb 193 
Toxemia in bums 1946 Dec 1490 
Trachea, obstmction, post-lhyroidec- 
lomy 1944 June, 494 
Tracbeobronclual aspirabon, 1944 June 
522 

tree, aspiration of, methods, 1945 
Oct. 1092 

Tracheotomy in thyroid surgery, 1945 
June, 641 

Transfusions 1945 Aug , 757 
apparatus for, 1945 Aug , 760 
circulatory overload 1945 Oct 1054 
complications, 1945 Oct , 1043 
disease transmission by, 1945 Oct , 
3034 
d 


esbmabon of amount required, 
1944 Aug, 604 

in colon surgery, 1944 Feb , 201 
in gastric hemonbage 1944 Feb 35 
in maior surgery factors of safety, 
1946 June 682 

in obstetrics and gynecology 1945 
Dec 1466 

m paralytic ileus 1944 June 574 
In protein deficiency 1946 Feb 192 
mcompatible, prevenbon, 1945 Oct, 
1045 

muhipfe synnge method 1945 Aug , 
769 

reactions to 1945 Oct 1043 1946 
June, 682 

allergic, 1945 Oct , 1054, 1946 
June 687 

circulatory 1946 June 687 
embolic 1945 Oct , 1035 
febrile 1946 June, 687 
hemolybe 1945 Oct , 1043, 1946 
June 682 

pyrogenic, 1945 Oct , 1051 
Rh factor in, 1944 Aug , 823 
194? Oct, 1047, Dec 1468, 
7946 June 686 

superficial veins used m, 1944 Aug. 
799 

use of stored blood 1946 June 689 
Transthoracic operation for carcinoma 
of cardiac end of stomach and ter- 
minal end of esophagus, 1944 Feb , 
75 230 

Transurethral prostahe reseebon for 
cancer of prostate, 1944 Oct ,4206 
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Transurethral resection for bladder 
neck obstruction following abdomio* 
openneal sureery, 1944 June, 588 
Trauma See also Injunes 
fluids in. 1946 Dec. 1351 
in production of breast cancer fn 
male 1944 Oct, 1111 
of fibrosarcoma Of extremities, 
1044 Oct . 1223 

mechanical, in cancer produchon, 
1944 Oct 987 

Single as incitinR factor in cancer, 
1944 Oct , 994 

’ ’ ’ * ' ‘isDc 


em* 


Tnchomonas vaginalis vaginitis, J0-/S 
June 5^5 I 

Tngemiml neuralgia, treatment, role of 
minor procedures in, 1946 June 774 I 
Tubal patency, Rubin test for, 1945 I 
Dec 1341 

Tuberculosis intestinal. 1946 June, 585 
surgical treatment, 1916 June, 656 
of cervix, 1945 Dec, 1304 
of colon 1946 Feb . 184 
of subtalar joint, 1945 Feb , 157 
of unnary tract pre* and posfopera* 
tise care, 1945 Oct, 1127 
of wrist joint 1945 Feb . 84 
pelvic, imdntion therapy. 1945 
Dee. 1311 

pulmonary bed rest in, 1945 April, 
440 

bilateral pneumothorax in analysis 
of 52 cases, 1945 April, 455 
surgical treatment, 1945 April, 
251 

methyl methacrylate plom* 
bage in, 1946 Oct , 1060 
treatment bronchoscopy in plan- 
ning 1946 April, 292 
Tuberculous empvcma, surgery for, 

1945 April, 268 

infection of wounds 1945 Oct , 1223 
Tubes intratracheal 1945 Aug, 803 
inflatable cuff for, 1945 Aug, 805 
Tuffier’s operahon for sterility, J94S 
Dec . 1346. 1347 

Tumors genitounnary, pathology of, 

1946 Oct. 1257 

of adrenal medulla chromaffin ceD, 
1944 Aug 922 
histogenesis 1944 Aug, 930 
of bladder 1946 Oct, 1209 
pathology, 1946 Oct, 1265 
of bone diagnosis, 1946 Apnl, 410 
of brachial plexus, pain in upper rt 
fremily due ta 1046 Aug , 829 
of brain orbital tumors associated 
with, 1946 Aug , 874 


Tumors of beam, surgical treatment, 
progress during last 35 yean. 
1944 June, 694 

of breast, diagnosis, 1946 Apnl, S19 
of colon malignant 1946 Feb , 186 
or duodenum, malignant, 1945 Feb . 
163 

of esophagus, roentgen diagnosis, 
1946 ApnJ. 318 

of kidney, pathology, 1946 Oct , 
1257 

of large intestine, terminal porton, 
mabgnant, 1946 Aug. 968 
of male breast, mahgnant 1944 
Oct 1108 

of mediastmum, neurogenic, 194S 
Feb. 134 

of orbit, lymphocytic, malignant, 
1946 Aug , 871 

of parobd gland, 1946 Apnl, 4S0 
of recteu, subatucoss], 1944 Aug, 
897 

of scalp mahgnant, 1946 Aug , 8o9 
of spinal cord 1944 Aug, 897 

pain produced by, simulating 
pain caused by gallbladder 

disease, J944 Aug. 893 
roentgen diagnosis, 1944 Oct, 
1237 

ruptured lumbar intervertebral 
disk nrd differenustion, 1946 
April 274 279 

of stomach, 1944 Feb. 60, June, 
of ureter, pathology, 1946 Oct, 1265 

Ulcct deeubital, 1945 Oct, 1225 
duodenal See Duodenum, ulcer, 
and Pevtlc ulcer 
gastric, 1945 Aug. 896 
gastrojejunal, 1945 Aug , 900, 1946 
June, 751 

Jeiunal, 1944 June, 6-4 
peptic See PepUc ulcer 
poWer^ crythroevtes as dressing 
for 2944 Aug. 8U 

Ulcerative colitis See Cebtis, vkera 

\}ha epiphyseal separation distal 
J 9 15 Feb. 91 

fractures, coronoid process, lu-a 

styloid Process 1945 Feb 90 
with dislocation of radial head 
plating in. 1945 Feb , 99 
with fracture of radius. 1945 Feb, 

Ultraviolet irradiation m pbj^wal dts- 
abilities 1945 April 4M 
ofair,J946 ‘^‘•1049.1073 
results in chest surgery' 

Oct, 1075 . .. 

tumor production in animals by. 
1944 Oct, 1029 
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Uiemia following surgery of nght cqIod, 
ia-<6 June, 628 , , , 

Ureter and renal pelvis, dupucation, 
m4 Aug, 910 

dilatation, followng large bowel sur- 
gery, 29-16 June, 693 
injunes, m large bowel surgery, 1948 
June, 702 

operations on, pre- ana postoperative 
care. 19-15 Oct . 1121 
tumors, pathology, 1948 Oct, 126o 
Ureteral calculi, treatment, 19-15 Aug, 
9S2 , 

catheter, techmc for continuous spinal 
anesthesia, 29il5 Aug, 834 
use in continuous caudal o 
thesia, 1945 Aug . 849 
Uretero intestinal anastomosU, bilateral, 
and complete cystectomy, 1946 Oct., 
1215 

Urethra diverticula, repair, tecnoic, 
1946 Oct, 1227, 1228 
membranous rupture of, 1944 Dec , 
1402. 1403 

vagmal plastic operations about, cot- 
ton sutures in 1946 Oct, 1221 
wounds 1944 Dec, 1402 
penile and bulbar portions, with 
extensive mucosal loss, 1944 
Dec . 1407 

Urethral catheter, management, 1944 
June, 710 

diverticulum 1945 June, 589 
Urethritis, clironic, gynecologic aspects, 
1945 June, S83 

following large bowel surgery, 1946 
June, 701 

Urethrocele, repau of, cotton sutures 
in 1946 Oct, 1224 
UrethroRstula, penneal, following large 
bowel surgery, 1946 June, 701 


uec, 

lesions, unnecessary abdominal op- 
erations for, 1946 Oct , 1247 
malignant tumors, pre- and post- 
operative care, 1945 Oct , 1127 
tuberculosis, pre and poslopera 
live care, 1945 Oct 1127 
tumors pathology, 1946 Oct 
1257 

Unnafaon difficulties with, due to bed 
rest 1945 Apnl 438 

Urolithiasis medicamentosa, 1945 AurJ 
323 

Urologic implications following large 
bowel surgery and their manage- 
ment, 1946 June 693 
surgery, complications, 1945 Oct 
1128 


Uiologic surgery, pre- and postopera- 
tive care in, 4945 Oct , 1115 
Urotropm See Mcthcnaminc 
Uterine bleeding, functional, treatment, 
1945 June, 502 

Ulctosalpingogrophy, 1945 Dec., 1340 
Vtewsitspcnsion operation, Da!dy-Wcb- 
ster, 1945 Dec , 1321, 1322 
Uterotubography, 1945 June, 573 
Uterus, benign conditions, Irradiation 
therapy, indications and coi^train- 
dications, 4945 Dec , 1300 
bleeding from, d>sfunctional, irradi- 
ation therapy, 1945 Dec, 1311 
functional irradiation therapy, 

1945 Dec. 1307 

carcinoma of, 1944 Oct , 1179, 1945 
Dee , 1274 

diagnosis, biopsy of cersi* in, 1945 
June, 537 

xaginai smear in, 29/5 June, 
536. 550 

radium treatment, 1945 June 539 
roentgen treatment, 19-45 June, 
538, 53-9 

total abdominal hysterectomy for, 
1948 Aug . 1022 
oervw See Ccftit uteri 
contractions dunng prefmancy and 
labor, tocograpluc observations, 
1945 Dec . 1425 
fibroids. 1945 Dec . 1281 
hysterectomy for, subtotal, 2945 
June, 473 

total, objections to, 1945 June, 
4S1 

irradiation Uierapy, J945 Dec . 
1303 

leiomyoma 1945 Dec , 1281 
prolapse, Manchester Fothergill op- 
eration fur, 1945 June, 501 
Watkins • Wertheim interposition 
operation, 1945 June 505 
retrodispbcement, 1945 Dec, 1319 
rupture, in last trimester of preg- 
nancy, report of 105 cases. 1945 
Dec, 1414 

sarcoma, 1945 Dec , 1278 

Vacina, absence, congemtal, treat- 
ment 1944: Aug, 938 
Vagmal plastic operations about blad- 
der and urethra cotton sutures in 

1946 Oct . 1221 

radium applicator, double cross arm, 
1944 Oct , 1006 

smear in diagnosis of utenne car- 
cinoma. 1945 June, 536, 550, Dec , 

Vagimtis Tnchomonas vaginalis. 1945 
June, 545 

Vagotomy, transthoracic, 1946 Oct, 
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Vances of esophagus, roentgen diag- 
nosis 1946 April 318 
Vancose \eins, simple, J945 April, 334 
superficial thrombophlebitis in, 
1944 June, 539 

Vancosities, spmal, protruded disk and, 
diilerentiabon, 1946 Apnl, 273 
Vascular disease, penpheral pam in 
upper extremity caused by, J946 
Aug , 806 ^ 


of internal jugular vein, 1944 Aug. 
S02 

teclinic 1944 Aug, 800 
Venography, 1946 April, 340 
Venous insufficiency, chioruc. pain In 
upper extremity caused by, 1946 
Aug 809 

Lgation in pulmonary embolism, 
194 1 June 534 1946 Dec. 1399 
thrombosis See Thrombotis 
Ventral hernia repair of, 1915 Aug, 
868 

Version external 1945 Dec, 1459 
rupture of uterus accompanying. 
4945 Dec, 1419 

Vertebra fifth lumbar, transverse proc- 
esses, sacralization of, 4944 June, 
725 

third lumbar, congenital anomaly, 
diplomyelia and compression of 
spinal cord but not of cauda equina 
by, 1944 Aug . 963 
Vertebrae See also Spine 

cervical injury or disease, pain In 
upper extremity due to, 1946 
Aug , 834 

Vertex presentation in cesarean seebon, 
management 1945 Dec , 1450 
Vesicovaginal fistula repair of, cotton 
sutures in, 1946 Oct 1224 
Virus theory of cancer production, 4944 
Oct , gs9 

Vitallium m cranioplasty, 1946 Feb , 


Vitamin Intake wound healing and, 
1946 Dec 1409 

Vitamin K deficiency, wound healing 
and 4946 Dec, 1410 
therapy for “poor risV pabent, 394S 
April 352 

preoperitive. in gixtnc and duo- 
denal surgery, 1944 Dec, 1356 
Vitamins dosages for specific deficien- 
cies 494.5 Oct 1132 


Vocational guidance and training of am- 
putees, 4945 Apnl, 394 
Vomiting, obstructive relahon tq la- 
tesbnal distention, 4944 Oct , 1431 
Von LangenbecK’s operabon for cleft 
palate, 1944 ApnL 371 
Vulva, caremoms, 4944 Oct, 1172 
leukoplakia, precancerous, 4944 Oct, 


Waudmc lessons after d^bndement of 
knee joint for arthnbs, 1946 Feb, 
265 

Water intoxicabon, 4946 Dec, 1341 
Waters operabon m modem obstetnes, 
1945 Dec. 1452 

Watkins-St'ertheim interposibon opera- 
tion, present status, 4945 June, 503 
Weight loss after operabon, 4945 Oct, 


1096 

mirlpool bath. 1945 Apnl, 432 
Whitman reconstruebon operation op- 
eration, 4944 Aug. 752, 753 759 
Wilms’ tumor of wdney, 4946 OcL, 


stimulants, 4946 Dec 1411 
infections 4945 

as operative nsk 1945 Oct , ICG- 
following abdominal surgery, J94S 

«. gastrointestinal surgery, 4945 
Oct. 1153 

suppurative, penicillin in, 

Dec, 1297 .. 

nonpenetnting of abdomen 494 
of^b^omen. penetrabng 1946 Oct, 

of^bfadder and urethra beatment 
4944 Dec, 1402 , , ^ 

of chest treatment, recent observa 
bons 1944 Dec 1410 , 

of rectum. pefforaUog 4946 Apnl 

penebaring of abdomen. 4944 Feb . 
79, Aug. S64 

powdcrer^e^hrocWes’as dressings 

s«J5cal.®hne^ih.n^^.:^^on5 m 
control of l946 Oct , 107 
wxr Sec Wiir Ufumos 




rt nst arthntis, suftiurative, IQ i3 Feb , 
85 

traumatic, 1945 Feb 93 
flexion deformities 1945 Feb , 84 
fractures about 1944 Apnl, 430, 
2945 Feb . 87 92 
ganglion, J945 Feb , 82 
^ injuries, 1945 Feb , 1 
lesions 1945 Feb , 81 
Madelung’s defonnily J945 Feb , 
83 


Wnsl sprains, J945 Feb , 86 
tuberculosis, J945 Feb , 84 

X lUYs Sec Hoentgen 

Younc's metbod for repair of ruptured 
membranous urethra, 1944 Dec , 
1405 

Z-pcAsrre operation, J04S Feb , 17, 18 
2jK^atic bone, fractures, 1946 Feb, 



